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EEQCEEDLEGS (8:35 a.m.)

Agenda Item: Call to Order

DR. PACKER: I’d like to call this 84th meeting of

the Cardiovascular and Renal Drugs Advisory Committee to

order. Today’s session is an open discussion on inhaled

nitric oxide. This is not a drug or

for approval today. It is a general

agent to be considered

discussion of a number

of issues related to its characteristics, and issues that

have arisen during its development for specific indications

The committee is asked for general specific guidance about

this agent, and its potential for further development.

We have with us the members of the advisory

committee, and a number of temporary voting members, In the

usual fashion we will just go down the committee and have

everyone introduce themselves, and then go on to the

temporary voting members, and have them introduce

themselves.

[Introductions were made.]

DR. PACKER: Joan, do

administrative issues that need

begin today’s proceedings?

DR. STANDAERT: Yes.

addresses the issue of conflict

you want to read any

to be covered before we

The following announcement

of interest with regard to

this meeting, and it is made a part of the record to

.~-)
preclude even the appearance of such at this meeting. Since
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the issues to be discussed by the committee will not have an

immediate impact on a particular product, but rather may

have widespread implications with respect to entire classes

of product in accordance with NTUSC 208 waivers have been

granted to each member and consultant participating in the

committee. A copy of these waiver statements may be

obtained at the Freedom of Information Office, Room 12A30,

Parklawn Building.

In the event that the discussion involves any

other products or firms not already on the agenda for which

an FDA participant has a financial interest, the

participants are aware of the need to exclude themselves

from such deliberations and their exclusion will be noted

for the record,

With respect to all other participants, we ask in

the interest of fairness that they address any current or

previous financial involvement with any firm whose products

they may wish to comment upon.

DR. PACKER: Thank you, Joan.

We traditionally reserve some time at the

beginning of the meeting for comment. Is there a public

comment from Dr. Weinberg?

Agenda Item: Public Comment

DR. WEINBERG: As a neonatalogist in New Jersey,

we are working in a non-ECMO unit, and feel that we have
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treated many babies on protocol now for a year now with

apparent efficacy and apparent safety, and we think have

reduced the need for transport to ECMO units.

However, at the toxicology laboratory we have been

concerned about possible toxicity of inhaled nitric oxide,

and have examined this in animals, and I would like briefly

to present some of that information.

We studied lung macrophages in mice who were

exposed to nitric oxide for short periods of time, for about

five hours at dose of 10, 20 and 100 ppm. What we found was

when these cells were stimulated subsequently with LTS and

gammainterfeuron, they were markedly primed, markedly

upregulated to secrete nitrogen oxide. This is much the

same effect as other pulmonary irritants like ozone might

have.

This was correlated with an increased expression

of INO in these cells.

Significantly -- this might be hard to see -- but

B is the lungs of animals exposed to nitric oxide, and the

same for NBT. That indicates that superoxide secretion by

these cells as increased as well as it might be after

inhalation of a pulmonary irritant.

To assess whether this might have any importance

or any meaning, we stained for nitro tyrosine, which might

be an effect of pyroxinitrite mediated protein alterations.

. . .. .. .. . .. . . . . ,., . . . . . . . ,.. - .-
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You see that it was markedly increased in C; the brown

staining pointed out.

Similarly, at 40 and 100 ppm, at the higher doses,

the lung lavage protein was elevated in these animals,

indicating that there might be pulmonary epithelial damage

as well.

So in summary, we would like to point out that

this is nitric oxide being held in room air, and the effect

really resembles that we’ve seen in our laboratory to other

pulmonary irritant such as ozone. Despite what we have

experiences as the lack of short-term toxicity, we would to

suggest that when discussing the efficacy now, we should

consider longer-term toxicity that might not be evident on

the macro level for a very long time.

Thank you.

DR. PACKER: Thank you. Is there any other public

comment? If not, before asking the sponsor to begin its

presentation, I’m going to ask Ray Lipicky to give us an

overall introduction to today’s hearings.

Agenda Item: Introduction - Dr. Lipicky

DR. LIPICKY: Well, as you introduced, Dr. Packer,

this is not a usual advisory committee meeting. I think it

is occurring at the grace of Anita, who has been working in

the area extensively, and is willing, along with all of the

other investigators that contributed to what we know about

4
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nitric oxide to airing a public discussion that has no

necessary regulatory implications, to try to get the

community to come together on an understanding of where

things are.

From my perspective, the problem is that at one

point in recent past, European regulatory agencies gravely

restricted the use of nitric oxide in the clinic, because

they were concerned with overall safety. In this country,

people -- at least people that call me -- think that it

works, and has been proven to be clinically effective.

Those are widely discrepant views. All of the

information that is necessary to view is clearly not in the

published literature, so that it sort of requires getting

things together and presenting them, and laying things out

in some kind of a pattern.

So this meeting is kind of along the lines of

where is it now, and where does it go. It also is along the

lines, and the last question that will be posed to the

advisory committee is that we do have individual

investigator investigational new drug applications. The

existence of those applications in fact can be viewed as

inhibitory to the ability of anyone who wants to do

something that is like a large controlled clinical trial, of

getting it done.

That responsibility rests entirely at our feet,

J

. . ,.
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and I think that the one thing that we want you to consider

today is whether we should change our attitudinal set with

respect what individual investigator INDs should do, or in

fact if they should even exist.

It turns out that when nitric oxide first got

exposed to the agency, it was exposed to the agency as an

agent that decreased pulmonary hypertension. Since our

division is the blood pressure doctors, we were given the

responsibility of dealing with nitric oxide. Since it was

introduced as a pulmonary vasodilator, it has taken on image

of next to god, and so it has changed some.

DR. PACKER: Ray, I appreciate the introduction.

I guess this committee has generally seen a sponsor’s

presentation of data to us about solids and liquids, but

this would be the first gas that we have seen for a

therapeutic indication.

We’ll ask Ohmeda to proceed with its presentation.

Let me, in doing so, ask the sponsor that the schedule for

today’s presentations is a long one. The questions that

have been asked for the committee and its consultants to

consider are extensive, and it is absolutely essential that

we remain on time, otherwise we will never get through or

survive today. So I would really ask all of the presenters

to at least on time, if not shorten their presentations to

allow for adequate interaction and discussion with the

. . .
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committee so we can get to the open discussion periods in a

timely fashion.

Agenda Item: Sponsor Presentation

DR. ZAPOL: Thank you, Dr. Packer, Dr. Lipicky,

and company. My name is Warren Zapol. I am an

anesthesiologist from the Massachusetts General Hospital. I

kind of got you into this I think in many ways. So I’ve got

about 15 minutes to flash through why you are here from my

standpoint. I won’t answer the questions, which have been

skillfully posed to you, but 1’11 set the stage.

Nitric oxide is interesting and useful, because

it’s a free radical. Anesthesiologists like drugs that come

on and go off, and so do pediatricians. Nitric oxide has an

unpaired electronic which makes it highly reactive, and

makes it a very rapid signal.

It is 11 years old now. It just had a birthday

party since Louis Naro(?) and Sal Moncota(?)

as the core substance of endothelium-derived

factor(?) 11 years ago.

Everything you need to know for

slide . INOS makes natural nitric oxide.

three isoforms that does it from

acid around house. NO is rather

quickly, but it’s not very water

arginine,

conceived of it

action

this is on the

It’s one of the

a common amino

fat soluble, and moves very

soluble. It’s rather like

oxygen, and it wouldn’t do anything if it wasn’t fat

*

. .. . .
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soluble. But since it is fat soluble, it moves very, very

quickly.

It crosses the membrane and activates soluble

guanaylate cyclase, making cycled GNP, broken down by

phosphodiesterase. Thanks for proving disaggregate, which

will inhibit phosphodiesterase, and will be extremely useful

to us.

inhibits

platelet

Cyclic GMP relaxes vascular smooth muscle and

leukocyte adhesion. It is a modest inhibitor of

adhesion and activation, which is very interesting

for us to look at in new babies.

It inhibits cell proliferation. It inhibits

remodeling, and is therefore extremely useful from that

standpoint. There are perhaps hundreds and

papers on this now, in the nine years or so

been working with it.

Now we’re in this section, I have

hundreds of

that people have

a feeling,

because when I came across in my IND, we were talking about

NO and the most commonly used drugs of NO, sodium

nitroprusside and nitroglycerin. It was the business end of

those molecules. It does not require metabolism or anything

when we provide it, and therefore it is useful for us.

It bind to heme and heme-containing proteins.

That is its reason for targeting guanaylate cyclase and

cychrone(?) P540. It converts to nitrate and nitrite. It

8
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certainly raises the plasma level, and it ends up going out

in your urine in an aqueous solution at P02 of 100 or so.

It has a half life of about six days.

In 1989, I was looking at a job in Los Angeles. I

opened up the Los Angeles Times and there next to the

weather report was this little report. It said that if you

lived in Los Angeles, you breathed ozone, nitrogen dioxide,

carbon monoxide and particles, Since I was working on

nitric oxide in my lab in a cylinder with a skull and

crossbones attached to the side of it, I was kind of

interested in the fact that people breathe nitrogen dioxide,

which is the daughter product of the oxidation of nitric

oxide.

It therefore occurred to me that maybe it would be

useful to breathe it therapeutically. So when I got home, I

called down to North Carolina to NIOSH and I asked them what

were the limits on breathing nitric oxide? They said it’s

not really very toxic, You can breathe it eight hours a day

at the workplace, and the limits there are 25 ppm per 8 hour

a day working exposure. That was very helpful for me. It

allowed me to use it in my lab, and it allowed me to give it

to babies in 1989.

So here was the dream, and this is the dream that

you will talk about a lot today. We believed that if

arginine was being converts to NO and NO was conically

. .. ,.
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activating guanaylate cyclase and making cyclase DNT, that

these cells might be out of balance with the number of

smooth muscle cells and/or these cells might be injured by

endotoxin or other things that injure the pulmonary

circulation.

Wouldn’t it be neat if we could supplement the

amount of NOV cells made by inhaling some? Yet we would go,

we hoped, one step further in a very important step. We

didn’t want to cause systemic vasodilation. Because I’m an

anesthesiologist, I had killed a number of people by giving

them intravenous vasodilator substances. You only have to

do this once or twice in your life, you will set it in your

sights for a labor.

We hoped that the NO would go across and combine

very rapidly with the hemoglobin 10,000 or 20,000 times

faster than carbon monoxide does and inactivate itself, and

therefore it would not circulate, and would cause system

vasodilation.

We perform a nitric oxide(?) heme which would go

to med heme, an electron with peer from somewhere so that it

would create the met fere(?) heme to ferrous heme and

recycle. It’s a natural substance. I presume this is one

of the reasons your cells can handle it, and deal with it,

and work that way.

We had a problem. How could I get it? Some
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people in England had been measuring ELNO. They had mixed

NO in bags, and breathed from the bags, and measured the

diffusing capacity of nitric oxide. I knew that I didn’t

want to make NOZ, which in water makes nitric acid, which

makes acid rain, which is bad. I knew that I had to take

the NO and store it in nitrogen, and then mix it with

air/oxygen immediately before inhaling; scavenge NOZ and

some NO with soda lime to keep

was doing.

A simple experiment.

it down, and measure what I

If you mix 20 ppm nitric

oxide and 91 percent oxygen, it will about half convert in

about 30 minutes to nitrogen dioxide. We consider bad EPA

levels at l/10th or less of NO, and therefore we knew we had

to stay out of the NOZ business if possible.

So in 1989, we took a sheep. We opened the

windows in the lab. We all wore gas masks. We took the

sheep. We put Swarm-Gantz catheter in it. We tightened up

its pulmonary circulation, and we leaked in some nitric

oxide to the

published.

It

sheep’s breathing basically in the first study

was quite obvious what we did. We tightened up

the pulmonary circulation, breathed 80 ppm nitric oxide. We

got a vasodilation. We restricted the sheep’s pulmonary

circulation, but more importantly we found no change to

systemic arterial pressure. In the thousands of humans that

,.
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have been studied since then, nobody has convincingly shown

me hypotension in the systemic circulation by breathing NO.

We showed at the same that even 5 or 10 ppm could

produce a reversible dilation of the pulmonary circulation.

Interestingly enough, it only lasted for about as long as

you gave it. If you gave it seven minutes, and it was gone

in two to three minutes. If you gave it for seven minutes

at 10 ppm, it was gone in two or three minutes.

Below that wonderful EPA number of 25 ppm, we

could get nice physiological effects, and therefore we were

quite happy. Jay Roberts, who I convinced to help me with

this study got interested. We started to think about all

kinds of applications.

prouse(?) was a fellow in my lab at the time. He

went home to Sweden, and like all of my fellows, he put a

Swann-Gantz catheter in himself and breathed 12 percent

oxygen, tightened up his pulmonary circulation, and here it

at one minute and two minutes breathing 10 ppm nitric oxide.

His PA pressure when down to the baseline level. So now we

knew not only did it dilate constrictors in sheep, but it

reversed human hypoxic pulmonary vasoconstriction, a common

enough phenomenon, responsible for lung deficiency.

Now Patrick(?), who was in the lab with me at the

same time, went home. He said his grandmother had known for

)
years that nitric oxide was a great pulmonary dilator,

.-=

. . . . . . . . .



: “-’1_=-

15

because all over Europe people had sold these anti-asthmatic

cigarettes for asthma and oppression, respiratoires. They

were actually sold in America. You can find them in all the

old dictionaries in America, a medical formulary in America.

Here is Patrick. He put a Swarm-Gantz catheter in

himself, made himself hypoxic, breathed 11 percent oxygen,

got his PA pressure up to 40. Now here he is breathing a

gauloises(?) , a French cigarette, and you can see his PA

pressure coming down to about 20. He smokes the gauloises.

When he stops smoking the gauloises back up it goes. He

gets a little hyper reactive.

So we smoke. We drop our PA pressures with a

smoke. We do a couple of terrible things with smoke. I’m

just saying that that one component of smoke -- this is

quite common -- humans treat themselves with it all the

time. I suppose that when you cart your load up Everest,

the reason the Sherpas sit there on the rock smoking is they

drop their PA pressure.

Now I started my life intellectually in this

building. I spent three and a half years in this building

doing ECMO before many of you were born. I worked with the

father of ECMO, a fellow by the name of Ted Kolobow. I

spent 11 years of my life working on ECMO machines. These

are the same machines that are used today. They are in

slightly different configuration.
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We wound these ourselves. We started by profusing

fetuses by arterial venous profusion, which is an invasive

technique. It destroys platelets and it is difficult. It

requires anti-coagulation, but it’s perfectly effective,

like dialysis of electrolyte I assure you.

So we set our sites 20 years later on little

babies who are bypassed. Notice the machine has only gotten

longer and is now made commercially, thank God, by a little

orphan company. Here is the gas dialyzer, and ECMO machine

roller pump. Blood is drained out and pumped back into the

little baby, and indeed it comes back always at a higher POZ

and always at a lower PCOZ. It’s very functional.

In Jay, who I convinced to do the first baby with

us , and it was done about eight and a half years ago now,

this is a baby who came in with PPHN. I’m not a baby

doctor. You will hear much more about it later. With a

blood pressure of about 50, and a POZ of about 50. We cut

down the FIOZ and made a little nitrogen space, so we could

get the nitric oxide in it.

We gave the baby 20, 40 and 80. We only had a

permit that allowed an hour of exposure, so we have to move

along. The surgeons were all scrubbed and ready to

catheterize the baby. The baby’s P02 stayed up in the 200

range, and it didn’t come down even after just an hour of

therapy. It was an extraordinary first baby. It was a

4

. . . . ,.
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knock your socks off first baby, and really what gave

momentum and energy and the reason we’re here today.

Jay did a number of babies, and it

thing. I won’t show any more than this very

basically shows that some babies respond and

shows a similar

early baby. It

some don’t.

..,$
&%.;\

This is a metabolic pathway to the chest we’re learning

about . It’s the G pathway, alterations of guanaylate

cyclase and phosphodiesterase. You can get other drugs to

work in this, and we have just begun.

These fellows worked back to back with ours in the

lab. They have done beautiful work looking for a full 24

hours . This is a funny number, for those of you who are not

into it. This is arterial alveolar(?) oxygen tension

ratios . Clearly, if you were perfect it would 1. YOU would

be as good as LBLI(?) . Indeed, you are far lower than that

if you were a sick baby with PPHN.

They used lower doses 10, 20, 10, 5. Over the

subsequent years since this has been, less is better.

People are not using 40 and 80 nearly as much, except for

the first few minutes of therapy, and then toning things

down as they go.

So what has happened? Where are we? Let me run

to the future, and say that ECMO is an expensive,

complicated procedure. Much of the world will never do

ECMO , never, ever. They could never afford it. It is

*

... . .. .,
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always effective at raising PaOz.

vascular cannulation, whether you

I have been both, and it requires

18

It requires invasive

are a VE or a VA folk, and

systemic anti-coagulation.
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Although I know at present it is only about 60

percent effective in newborns, it is far easier to deliver

and monitor. Notice we did those babies that I showed you

around 1989 and 1990, and then published the groups of half

dozen by 1992. I won’t take credit for the reduction in

babies in America being ECMO-ed. High frequency oscillatory

ventilation and surfactant therapies are now used in

infants, but certainly all three are having an effect.

Where we were heading for 1,600 or 1,800, we’re now barely

holding at 1,000.

Let me say a word about ARDS, because some of your

thoughts today have to be on

to me is not hypoxemia, it’s

injured lungs in adults, the

pressure is doubled due to a

that. The core problem in ARDS

pulmonary hypertension. In all

mean pulmonary arterial

marked increase in the

pulmonary vascular resistance. There is tone in elevation

of pressure, and I spent about 20 years trying to knock that

pressure down.

Back 1985, back in history, we gave intravenous

nitroprusside to try and dilate the pulmonary circulation

and keep pulmonary hypertension from contributing to the

pulmonary edema in the ARDS. The good news was that we

+
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could get the pressure down. The bad news was we screwed up

the shunt. We turned the patients blue and raised their

shunt, and we knew it would never work intravenously with an

NO donor to dilate the trunk.

So also came NO, and it worked so well in babies,

it was hard not to dream that it might work

microselectively. It’s one thing to have a whole lung in

spasm, and dilate a whole lung, but could it work in the

little regions. If you think of pneumonia, good lung/bad

lung, all kind of scattered and heterogeneous, could we

dilate selectively in the ventilated regions of the lung,

and steal venous blood into the ventilated regions,

therefore raising the arterial POZ, and decreasing the

arterial POZ by dilating the shunting regions as you would

with nitride, nitroglycerin, prostacycline(?) .

To make a long story short, the first patient we

did in Berlin, Conrad Wolke(?) could measure shunt

independent of oxygen, which was important in this work.

There

down.

chest

up as

you can see NO on, NO off, NO on. Pressure building

This is a pretty bad ARDS. This is a girl whose

has been crushed by a van. You can see the POZ coming

we drop the pressure. We reverse, turn off the NO and

down it goes.

This is not a drug that you have to dream a lot

about. You can see it work in lots of patients, and that’s

*
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why it is appreciated so widely.

A word on dose response. This is Herbert

Gerlock’s(?) work from Europe as well. Looking at pressure,

the ED50 might be something like 5 ppm, which is kind of the

dose level that a lot of people are using today. But POZ is

even more sensitive. You wouldn’t think they would be

equivalent in sense of the functions. Even here at 150 ppb

-- that is what you breathed as you drove down Old

Georgetown Road this morning in traffic -- even at 150 ppb,

in ARDS patients, these

It also works

here, but there is that

improves the removal

goes down in ARDS --

responses -- here is

of

are adults who can get an increase.

for COZ. We only talk about Oz

other respiratory gas, and it

C02, so the VEDT(?) fraction always

not always, but when we get these

five for five.

Company out of Paris, nicely shown.

It’s got problems. Every

something. What are our problems?

Anyway, plebaise(?) and

drug requires us to pay

The hemoglobin -- you

have to measure, you have to watch it. NOZ formation -- NOZ

certainly will do bad things to you. Withdrawal reactions.

If you cold turkey the NO, you get pulmonary hypertension

below the right ventricle.

Altered hemostasis. I’m sure you want to look at

it carefully. We don’t know enough. We think it’s a mild

effect on the platelets, but there is a CEMP effect in

●
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platelet adhesion.

Mutagenicity -- we will all get cancer some day.

It’s kind of like smoking. Who knows?

Finally, if you got a very bad wedge pressure when

you turn on the NON, you release the lung, you can go into

heart failure. I remind you that when you in this room

exhale, you are each exhaling nitric oxide. You are puffing

about 4 ppb nitric oxide at the beginning at each of your

exhalations . If you are bigger animal, you will blow a lot

more, like an elephant, which is something like nearly 1 ppm

in exhaled deep breath.

I’m going to end with this slide. I know it is

not fashionable to worry about hypoxia anymore, but I remind

you if you are in the trenches, and you take care of sick

people, anoxia, as it is called, or hypoxia as it is known,

is bad news. As doctors, we work real hard at rescue

therapy. Don’t forget,

Thank you very much.

[Applause.]

DR. PACKER: Let’s proceed.

Agenda Item: Pathophysiology of ARDS - Dr.

Dellinger

DR. DELLINGER: First, I would like to thank Dr.

Packer, Dr. Lipicky, and the members of the Cardio-renal

Advisory Committee for allowing me to make this
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presentation. I’m Phil Dellinger. I’m at Rush

Presbyterian-St . Luke’s Medical Center in Chicago. I’ma

practicing critical care physician, and have been involved

with clinical research with inhaled nitric oxide in ARDS.

This morning I have been given a rather daunting

task, which is in 15 minutes to go over the pathophysiology

of ARDS and the potential role of inhaled nitric oxide.

This is a patient that I had an opportunity to

take care, one of many with severe ARDS. This is one day

into the course, the radiographical manifestation of ARDS,

bilateral infiltrates, severe hypoxemia, significant shunt,

absence of left ventricular failure. This patient was

receiving very high oxygen concentrations, very high

ventilator pressures.

If you look at the pathophysiology of ARDS, there

is an insult to the endothelium, and to the epitheliums.

There is increase in thelium permeability. There is

flooding of albili(?) to decrease ventilation and decrease

transfer of oxygen into the capillary blood.

Causes of ARDS can be divided into primary

insults, of which pneumonia and aspiration are the two most

common, but also pulmonary contusion, toxic gas, severe

drowning. Insults away from the lung that are associated

with systemic inflammatory response syndrome, such as sepsis

turns and multisystem trauma. Sepsis is the number one

.
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cause of ARDS in multisystem trauma. It is also a frequent

offender.

So now let’s turn and discuss physiologic benefits

in NO that are relevant to adult respiratory distress

syndrome. These include improving oxygenation, improving

right heart function, cytoprotection, and decreasing

pulmonary capillary pressure.

Warren is already presented some slides depicting

the benefit of inhaled nitric oxide in ARDS. This cartoon

shows the disease state where here there is decreased

ventilation relative to the profusion. Here is decreased

profusion relative to ventilation. The rationale behind

inhaling a selected vasodilator such as nitric oxide is that

since the higher concentration of NO will be in the better

ventilated areas, that you will get selected vasodilation,

and attract blood to where the ventilation is.

I think if there is one thing ‘-- ‘-- ‘“ ----- --

about inhaled nitric oxide, it is clear

PaOz in patients with ARDS. Probably 60

patients will get a response.

This is the article that many

note of the potential of inhaled nitric

article by Willie Sible(?) . It was publ

England Journal of Medicine, showing the increase in PaOz.

Dr. Zimmerman will present some data on clinical trials on

wc UCUL a~~ dyLee UJL

that it raises the

percent of the

of you first took

oxide in ARDS, an

.ished in The New
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Well, why is that important? Well, we treat

patients with ARDS that go on the ventilator; have an x-ray

that looks like this; and then suddenly ten days later have

an x-ray that looks like this, a worsening filtrated

disease, fair trauma, and now in a terminal state, because

of progressive lung injury.

We don’t know how much of that injury may be

related to oxygen toxicity and ventilator support of the

patient associated with iatrogenic(?) ventilator increase

from high pressures, and something that is now called body

trauma. There is ample data in animals to indicate that

high pressures and tidal volumes are bad for the lungs,

there is no reason to think that that’s not the case in

ARDS . It’s been more difficult clinically to link this

exactly what the effect is in ARDS.

Warren also showed the increased pulmonary

vascular resistance in ARDS. This is associated with a

strain and load on the right heart, and rationale would

that if you give inhaled nitric oxide, you will lower

and

to

be

pulmonary vascular resistance and pulmonary artery pressure.

If you do that, you will offload the right ventricle,

decreasing right ventricle in diastolic volume, and

decreasing right ventricle in systolic volume.

I think it is in clear in the literature that if

#

-–, ... . . . . ... . . ,. .,.
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you give inhaled nitric oxide to ARDS patients, you

consistently produce these effects.

Furthermore, if you look at right ventricular

function, Rossaint and colleagues in Intensive Care Medicine

in 1995 showed an increase in right ventricular ejection

fraction in 28 and 32 percent.

Ficrobe and colleague in The American Journal of

Respiratory Health Care Medicine in 1995 showed inhaled

nitric oxide 5 ppm producing increased improvement in right

ventricle function as measured by right ventricular ejection

fraction of 32 to

I would

area, and that is

cytoprotection in

36 percent in patients with ARDS.

like to now turn to a very controversial

inhaled nitric oxide as it obtains to

ARDS . I just had Dr. Sabo(?), as a

visiting consultant in our division at Rush. This is

clearly a very complex area. He has done a lot of work with

pyroxinitride and now with PARS, and it is clear that you

can set up experimentation using different methods,

different concentrations of NO, different baseline states

prior to NO administration; give it systemically, profuse

it, inhale it, use different organs, and show a lot of

different results

cytoprotection.

I think

as it pertains to cytotoxicity and

when you look at the whole animal data

within inhaled nitric oxide, where we are just looking at

+
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the lung, the predominance of the data would favor a

cytoprotective effective. Kavanaugh in 1994, in a whole

animal model showed that inhaled nitric oxide decreases

pulmonary vascular injury with edema. Poss in 1995 shbwed

that inhaled nitric oxide prevents the increase of pulmonary

vascular permeability caused by hydroperioxide.

Guidot in 1995 showed that inhaled nitric oxide

decreases pulmonary capillary lesions. Ogura, in a large

animal model, a swine model in 1994 with sepsis showed that

inhaled nitric oxide decreased pulmonary edema. Guiterrez

in an animal model in 1996, looking at oxygen injury

actually showed inhaled nitric oxide improved survival in

that animal study.

The only human study that I am aware of, that did

not have a large number of patients, but looked at VAL

markers of inflammation in patients with ARDS, Chollet-

Martin published in 1996, showed that inhaled nitric oxide

decreased VAL inflammatory markers.

So I present that information, because I think if

you look at the whole animal model with inhaled nitric oxide

with ARDS, I think the predominance of the literature would

favor cytoprotection in animal model.

If you think about increased pulmonary vascular

resistance in ARDS -- I’m going to put my two hands up. If

you will let my right hand be the pulmonary venous thread,
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and the capillaries are in between, and this is the

pulmonary arterial bed here, if you increased pulmonary

venous resistance or pulmonary arterial resistance, the

right heart is over here, and that will put strain on the

right heart from that increased resistance.

If you think about what the pulmonary venous

resistance increase does, it actually raises pulmonary

capillary pressure, which is an independent issue separate

from right ventricular function. In ARDS it appears that

the majority of the increase in pulmonary vascular trauma is

in the pulmonary venous area, and therefore, the capability

to increase pulmonary capillary pressure.

Benzing and colleagues spent a lot of their

academic career studying this particular phenomenon, and

have shown -- this is just one paper; there are several,

this is 1995 -- that inhaled nitric oxide reduces pulmonary

transvascular albumin clots in patients with acute lung

injury, but furthermore showed that the mechanism was by

decreasing pulmonary venous resistance, which can be

measured by a decay in the pulmonary artery.

Again, if you decrease pulmonary capillary

pressure, you decrease

would be another route

injuries.

lung water,

to decrease

you improve PaOz, and

iatrogenic ventilator

Now in the remaining time, I wanted to move to a

,
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very difficult problem, but a very important issue. That

is, converting physiologic benefits from inhaled nitric

oxide to clinical outcome benefits. The reason that is a

challenge is that if you are asked the question why the

patients with ARDS die, only a small percentage of mortality

in ARDS is due directly to pulmonary response rate.

Suchtya and colleagues in 1992 showed a 16 percent

incidence of pulmonary as the cause of death in ARDS. It’s

been reported as high as 28 percent by Montgomery in 1985.

But if you have a drug that may produce a clinically

significant effect in the pulmonary organ, but only a small

percentage of patients with ARDS actually die from

pulmonary-related causes, it creates a challenge in study

design.

Both the study that Dr. Zimmerman will be

presenting, as well as an NIH ARDS trial that is currently

ongoing had endpoints of days alive and off mechanical

ventilation. Which means that since this drug would only be

expected to effect the pulmonary organ, that a more

realistic test for the drug would be the ability to get

people off the mechanical ventilator. Since patients with

the shortest mechanical ventilator stay are ones that die

early, you have to correct for the deaths by making the days

alive and off mechanical ventilation. So that’s what the

study did.
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Perhaps even a more realistic endpoint would be

days alive and off assisted ventilation, since many people

have to have to the endotracheal tube for reasons other than

pulmonary dysfunction. Some have even argued that days

alive and needing oxygenation criteria extubation would be

an even more realistic endpoint, the rationale here being

that inhaled nitric oxide, through all the things that I

have mentioned earlier, would only be expected to improve

gas transfer and oxygenation, and not be expected to affect

things such as respiratory muscle strain, which may be the

reason the patient continues to be on the support.

So in closing, and to address Dr. Lipicky’s

question where are we, and where are we going, which is why

we are gathered here today, I think that where we are is

that we still see deaths from ARDS frequently in our

intensive care units. I think as a clinician, and if I was

a patient and you did not oxygenate me by currently

available methods, I would want this drug available to

oxygenate me.

As far as routine use of inhaled nitric oxide, I

think we need well designed clinical trials, and appropriate

endpoints to decide whether this drug should be routinely

used in ARDS.

Thank you, Dr. Packer.

[Applause.]
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Agenda Item: Clinical Trials - Dr. Zimmerman

DR. ZIMMERMAN: Good morning. I’m June Zimmerman,

and I’m from Baylor College of Medicine in Houston, where I

am an internist and practice both emergency medicine and

critical care in the county hospital. I really appreciate

the opportunity to be here and to address of the data from

the clinical trial on inhaled nitric oxide. I have to say

up front that I have had a lot of

investigators from the French and

been very gracious to share their

purpose of this meeting.

I would like to set the

clinical trials to just point out

that we face in conducting trials

input from the principal

European trials, who have

information solely for the

stage before talking about

some of the difficulties

in the syndrome of ARDS.

The definition of ARDS that is used in clinical is it is a

syndrome, so there are multiple etiologies of the lung

injury. These various etiologies may impact not only the

course and the outcome, but also the response to the

intervention.

The way that you enroll patients in the severity

spectrum may play a role in response as well. This is a

syndrome that varies from mild manifestations to life

threatening injury resulting in death.

The patient characteristics. We have to look

whether these patients are medical patients. Are they

*
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surgical patients? A young trauma patient is very different

from the one I see that is 80 years old, has diabetes, renal

insufficiency, and COPD. Obviously, these comorbid

conditions, not only quality of the model disease, but the

acute problems going on really impact the outcome, but in

many instances the lung is not the determinant of outcome,

it is actually the underlying condition.

In these patients who are very ill, there are many

other interventions going on. Those varied interventions

can influence the new intervention that detects this.

Particularly in ARDS, you have to look at mechanical

ventilator management as a possible confounding factor, but

even such things as what type of nutritional supplementation

is being used may be have an impact on the outcome.

Now if that isn’t enough, there are some unique

features when we are dealing with inhaled nitric oxide that

have to be taken into account. First of all, the delivery

and monitoring systems are not standardized. This may

impact the actual dose being delivered. It also may impact

the assessment of parameters such as hemoglobin levels and

nitrogen dioxide levels.

Different studies have used various response

criteria, and 1’11 point these out. In some studies

response to nitric oxide is used as a criteria to continue

treatment. The dose and dosing regimen varied tremendously.

,
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This probably reflects the fact that we don’t know the

optimum dose for treating patients with ARDS, which may vary

from patient to patient. How long patients get treated

depends on the criteria for discontinuation. This also1

varies from study to study.

I’m going to start with the European multicenter

study . Let me just caution you. There have been some

conflicting data being kind of out there. This has not been

published. I think we’re on a little bit of shaky ground,

so I’m going stick primarily to what the presentation by the

principal investigator has been. This was presented last

year in September at the French Anesthesia meeting.

This was a randomized, open label study. It was

started in 1994, discontinued in 1996, because of slow

enrollment . This is actually two studies. The enrollment

was slow in the first study, so it was stopped midway. They

revised their entry criteria and continued until it stopped

in 1996.

They enrolled patients who had acute lung injury

who had unilateral/bilateral infiltrates. They allowed both

primary and secondary lung injuries. The majority of their

patients had sepsis or pneumonia as the underlying etiology,

and sepsis was about 15 percent at baseline enrollment.

They required a PaOz/Fi02 ratio of less than 165 mm. Peak

had to be at 5 cm water. They could have been ventilating
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for anywhere from 18 to 96 hours.

Now this is the study that used response to NO as

a criterion for continuation. They challenged these

patients with 2, 10 and 40 ppm for 10 minutes, no longer

than 30 minutes. If the patient had a positive response, an

increase in the PaOz of at least 20 or 25 percent, and that

number changed when they revised. It was originally 25

percent; in the second half it was 20 percent. If they

achieved the positive response at any of the doses, that

patient was eligible to be randomized for the study.

Now if they didn’t have a positive response, they

could rechallenge that patient every day for four days, and

then they if they met the challenge, they could go on and be

randomized.

Those patients who

randomized to either receive

conventional therapy. Those

were randomized, were

inhaled nitric oxide or

that received nitric oxide had

the initial dose, which was the dose in the challenge that

resulted in the maximum increase in PaOz. So it was 2, and

they had similar increases with the higher doses, they

started with 2, However, the physician, hearing from the

patient, could change the dose to what was appropriate or

optimum for the patient, so it varied considerably over

time . That data has not been publicized at the present time

exactly what was the exposure experience of these patients.

*
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They allowed the patients in the conventional

group, the placebo group if you will, to cross over to

nitric oxide if they met criteria for severe respiratory

failure. This protocol did not allow for any

standardization of mechanical ventilation management.

The primary endpoint was reversal of acute lung

injury. They used PaOz/FiOz that varied between 214 to 205.

This is interesting, because that was based on age. If YOU

were over 60, you could use the lower end; under 60, the

higher end. So it’s kind of different from any of the other

trials .

Secondary endpoints were the progression from

severe respiratory failure, as well as mortality.

Now these are numbers that you may see that vary,

depending on what information you have seen; 267 patients

were accepted over 2 years; 180 responded; 87 were non-

responders. So this is about 60 percent, which Dr.

Dellinger mentioned in those who response with an increase

in PaOz, and this has been fairly consistent across most

studies that looked at it. Ninety-three randomized received

nitric oxide; 87 to conventional therapy.

The outcome data that is available showed

basically no different in the clinical outcomes. The

reversal of acute lung injury was 60 percent in both groups.

The progression to severe respiratory failure, however, did
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show a difference in that more in the conventional group

progressed to severe respiratory failure. These were based

on ECMO criteria, whereas only 10 percent of those receiving

nitric oxide.

Mortality was 44 percent; 40 percent in the

conventional group. This is statistically significant.

1’11 also point out that 18 percent of the conventionally

treated group did receive nitric oxide.

Now what about adverse events? This has caused a

lot of concern, mainly because there is a lot of

misinformation out there. It was reported that there is a

higher frequency of adverse events

group. Let me just point out that

study, and you have only one group

is quite obvious that it is likely

be reported in that group, because

something to them.

in the nitric oxide

when you have an open

doing an intervention, it

that adverse events will

you know you are doing

A higher frequency of sepsis and circulatory

failure were reported. There is no

associated with those. They do not

different.

statistical analysis

appear to be distinctly

This is the one that caused some concern. Renal

replacement therapy was reported to be more frequent in

those receiving nitric oxide than the conventional treatment

group. Again, there has been some clarification in some
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communications from the company, but what it appears to be

is renal replacement therapy includes not only treatment

such as dialysis,

other words, they

renal support.

Also in

continuous venous

but it also includes fluid management. In

did hemofiltration for the fluid, not for

many places in Europe, some of these

techniques are used to remove mediators,

and absorb toxins, which we would not consider doing in the

Us.

Many of the patients in the NO group that had

“renal replacement therapy” also had baseline renal

insufficient on enrollment into the trial.

The problems with this trial were numerous. First

of all being open. But many of the design issues, the

changes midway

for this study

efficacy given

real effect is

through the study really makes it impossible

to make any conclusions about safety or

the problems. It does appear as an essential

that nitric oxide decreased the development

of severe respiratory failure.

What to make out of this? I think we have to wait

for further clarification of exactly who these patients

were, and what that renal replacement therapy was, which

again, in many cases was not support for renal functions.

Let me go on to the French trial. Again, I will

give credit to Dr. Didie Cayan(?) for providing some of the
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additional details of this study. This was a double-blind

study and

expect to

ppm. The

randomized. It fit the standards that we would

see. The dose of nitric oxide was constant at 10

placebo was nitrogen.

The interesting thing on this study is that they

enrolled based on a Murray score, which is not

factor in an ARDS trial. If they had a Murray

they were enrolled. There was no minimal feat

a common

score of 2-3,

required for

entry. Both primary and secondary lung injuries patients

were enrolled. In this study, two-thirds of the patients

had sepsis on enrollment, so very different than the

European trial, and obviously very different from the U.S.

trial .

They also allowed treatment crossover, but this

was a double-blinded study, so they could cross from either

group into the opposite group in the study.

The also allowed termination at a PaOz/Fiz ratio

of 250. They checked this basically by putting the patient

on an FiOz of 1 for four hours to determine whether they met

these criteria. There was no ventilator strategy used in

this trial.

Another interesting thing in this trial is that

almitrine was allowed to be used. France is the only

country I think that uses almitrine, which is a pulmonary

artery vasoconstrictor. It is increase hypoxic

*
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vasoconstriction. About 20 percent of the patients in both

groups ended up receiving almitrine, either at baseline, or

it was added during the treatment group.

The endpoints were the weaning of ventilation at a

clinically relevant endpoint. Secondary endpoints were

basically weaning of the gas, meaning their criteria for

consideration, crossover rates, and mortality.

Their outcome data show no significant differences

between the two groups. The number that came off

ventilation was 34 percent for nitric oxide; 32 percent for

placebo. Those that came off gas were slightly higher in

the nitric oxide groups, 63 percent; 55 percent placebo.

This is somewhat interesting. The crossover rate.

is 12 percent in the NO group. A greater number of placebo

patients crossed over to the opposite group, which makes

sense if we were saying that they were not responding.

Mortality rates was 50 percent in the NO group; 43

percent of the placebo group. This is not statistically

significant.

Adverse events -- this is information that has

been provided to me by Dr. Cayan. They did not identify any

safety issues in their trial. Specifically, they did go

back after the almitrine information was disseminated, and

looked at those who developed a creatinine greater than 3.5

during the study; 2 percent for NO group; 9.5 percent for
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placebo. So no indication from this study that nitric oxide

has a detrimental effect on renal function.

Conclusions from this trial. This was an

appropriately designed trial. It did not show any evidence

of clinical benefit in the patient population that they

looked at. They also did not find any apparent safety

issues from this trial.

This is one trial where we are a little bit on

safer group in that the U.S. trial has been published in the

Critical Care Medicine earlier this year, so we can kind of

stand on those results at least. This was another double-

blind placebo controlled trial, 28 days. This was a Phase

II.

The American-European consensus definition of ARDS

was used, which was basically bilateral infiltrates,

PaO,/FiOz of less than 300. We were aiming for patients who

were early in their disease process, within three days of

meeting criteria for ARDS, because we felt that those

patients who had primary lung injury were more likely to

benefit. Patients who had lung injury due to other etiology

were excluded, and this included people with severe sepsis

or had severe organ dysfunction. The outcome of these

patients is more likely to depend on their underlying

process, rather than the lung.

Patients in this study received nitric oxide
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either at O, 1.25, 5, 20, 40, or 80 ppm. After 60 patients

were enrolled the 80 ppm arm was dropped.

This is the only clinical study thus far that has

used ventilator management guidelines, and there were not

mandates, but what we found was that investigators did buy

into this, and did follow the guidelines fairly well in

managing these patients.

There were 177 patients enrolled in this study.

Just for your information, we looked at Murray scores. The

mean in this group was 3.o5. In the French study it was

2.67, for what that tells you. These are not comparable.

Maybe these had a little bit more severe lung injury. The

etiology of ARDS was primarily aspiration and primary lung

injury.

Just a little bit of information about some acute

physiology. Does nitric oxide increase the PaOz? Yes .

Using again, a very arbitrary response rate of 20 percent

increase in PaOz, we found that about 50 percent of patients

met that criteria. We also found that is a very variable

response in that not everybody responded; 39 ended up being

responders at four hours. So it’s a very dynamic situation.

It’s probably not a good criteria to use

treatment.

PaOz level for four hours, the

for continuation in

mechanical

.->
ventilator planners were constant, and you can just visually
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see the PaOz being increased. The ventilator changes to be

made, as expected, the PaOz dropped to a level where we were

aiming for, between a PaOz of about 80-100 in our patients.

Outcome criteria -- among the outcome criteria was

days alive after reaching extubation criteria. These were

criteria that were set that most physicians would attempt

extubation. Now there are many reasons that people get

extubated, or many reasons they continue on mechanical

ventilation. So this is really a physiologic endpoint.

What we found is that there is no significant difference

between the dose groups. In fact, they appeared to have a

little bit of advantage here.

The percent of patients who were alive and off

ventilation at day 28, very clinically relevant, we found

the percent in the 5 ppm. In post hoc analysis, this would

statistically significant, but was not a primary study

endpoint. So again, no big differences, but it does show

perhaps that 5 ppm was a good dose to use.

Mortality could be viewed as both efficacy and

safety, but this was not valid for efficacy. The overall

mortality rate was 30 percent across the placebo and NO

groups. Again, the 5 ppm shows a slight advantage, but not

statistically significant.

Just to show you some of the safety issues that

you maybe concerned about. Hemoglobin levels we found were
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not elevated. There were only four patients who had levels

greater than 3 percent; 2 of those in the 80 ppm group; in

the 40 ppm; and interestingly one was in placebo.

You do see that at 80 ppm you have higher levels.

If you were at 20 ppm or less, that usually is not a concern

in at least the adult trials.

Now what about nitrogen dioxide? Here again you

see fairly minimal changes with the lower doses of the 80

ppm. It is simply higher and different, but again not in

the toxic levels. So in three patients where the it was

greater than 3 ppm, these were all in the 80 ppm group that

was left out early in the study.

Adverse events -- there were no significant

differences in the types or frequency of adverse events.

Looking specifically at renal failure, 9 percent in the

placebo, and 11 percent in the NO group; not significantly

different.

Looking at those who developed during the study a

creatinine of greater than 2, 14 percent in placebo; 17

percent in the nitric oxide group.

So concluding from that that this was an

appropriately run trial. It met our criteria and standards.

It was discontinued. It was not powered to assess efficacy.

It does not show evidence of clinical benefit that we could

say is definitely there at this point in time, but neither
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were there any important safety issues that were identified

during this kind of a trial.

Well, putting all this together, what does it

mean? I would defer to Confucius who said that, “Real

knowledge is to know the extent of what is ignorance. ” I

would say that we still have a lot to learn.

Specifically, I think we can say that nitric oxide

improves oxygenation in ARDS in adults; not every patient,

however. Clinical benefit is not yet proven, but we had

many unanswered questions here. Are we choosing the right

patients? Are we using the right dose? We need adequate

powered studies to really answer that question.

At this point in time there does not appear to be

a consistent pattern of adverse events, but continued

monitoring for safety issues obviously needs to be part of

our continued investigations.

Thank you very much.

[Applause.]

Agenda Item: Potential Toxicity - Dr. Abman

DR. ABMAN: I’m Steve Abman, and a professor of

pediatrics at the University of Colorado School of Medicine.

I’m board certified in pediatric pulmonology and pediatric

critical care.

What I would like to do over the next 20 minutes

is really briefly provide an overview, an outline of some of
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the concerns that we have for potential nitric oxide

toxicity, and what we currently know about it in this area.

Hypoxemic respiratory failure in the term neonate

is associated with severe morbidity and mortality. Failure

of conventional therapies to resolve hypoxemia often assess

the case to me for life saving efforts such as ECMO,

extracorporeal membrane oxygenation.

Although ECMO has recently shown in the

collaborative in the UK to be life saving, it is associated

with significant problems. It is costly. It is invasive,

and it has significant morbidity and mortality in its own

right . That is, it may cause an intracranial hemorrhage,

pulmonary hemorrhage, as well as other acute problems, as

well as perhaps late sequelae related to the requirements of

cannulation of carotid artery.

This is a slide of a baby who died of a severe

pulmonary hypertension, who died despite ECMO therapy. I

should it not simply to illustrate the striking vascular

remodeling that sometimes complicates this disease, but also

to show you the striking pulmonary hemorrhage, all the blood

you see around this airway. Indeed, this baby died of

complications that related to ECMO, and partly to pulmonary

hemorrhage.

The recurrent management of PPHN or hypoxemia in

the newborn has certain limitations. That is, the standard

*
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approach used mechanical hyperventilation or hyperoxia

itself can cause significant oxidant lung injury or lung

inflammation. For example, baro trauma or volu(?) trauma

can lead to significant disruption of the epithelial

barriers, worsening the lung disease. In addition, oxygen

toxicity itself may play a role in the process.

In addition, babies who fail to respond to

interventions often receive pharmacologic vasodilators such

as tolazoline or sodium nitroprusside, however, these are

limited by non-selective effects in terms of causing

systemic hypertension, which may worsen right to left

shunting, and cross the duct arteriosus or foramen ovale,

and worsen the hypoxemia and gas exchange as discussed by

Warren Zapol. In addition, often the response to such

dilators are short, and not sustained.

Now one of the most common agents used currently

is tolazoline. There are really aren’t data from

multicenter, randomized trials. This is an old study from

1979, which probably shows the largest clinical experience,

but it illustrates that often the achieved response to this

dilator is not sustained, and often there is a very

significant complication rate. In other words, between the

pharmacologic vasodilators, by use of mechanical ventilation

hyperoxia, we can induce significant lung oxygen injury and

inflammation.
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Well, that’s where the hope and excitement of

inhaled nitric oxide comes in. As discussed by Warren

Zapol, and as showed from our early experience in Colorado,

we can improve oxygenation in babies with severe PPHN. As

shown here, when treated at 20 ppm, followed by 6 ppm, we

cause a rapid and sustained improvement in oxygenation in

babies who met ECMO criteria.

The mechanism of course has been nicely discussed

by Warren. That is, with the local delivery of nitric oxide

in the terminal air space, it can diffuse into underlying

smooth muscle cells, increasing cyclic GMP and cause

vasodilation. Additional nitric oxide can then be

metabolized by added binding by red blood cells by the

hemoglobin, which is then metabolized in nitrites and

nitrates. This then accounts for the selected vasodilator

response as discussed by Warren.

I’ll show this slider and let’s talk about

toxicity. I want to mention that in the air space it’s not

just nitric oxide alone, but it’s nitric oxide often in the

presence of enriched oxygen, 100 percent oxygen. In

addition, as you can see it’s not just the smooth muscle

cells or blood cells that are seeing the nitric oxide, but

the diverse cell types throughout the line, including the

epithelial cells or alveolar cells.

Other kinds of epithelial barriers can be
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affected, and those are concerns that we must address when

we think about this as a potential therapy.

Now nitric oxide itself, as you heard, is not a

very potent or reactive radical, but rather what we are

really concerned about is more related to some of the

derivatives of nitric oxide, in particular, nitrogen dioxide

or peroxinitrites. When we think about inhaled nitric oxide

then in the setting of a large number of clinical

experimental and in vitro studies, we have to balance the

ideas of what are the effects of nitric oxide, that is the

cytoprotective versus the potential cytotoxicity.

In other words, a number of studies have shown

clearly a long list of potential cytoprotective effects, by

lowering pulmonary vascular resistance, decreasing smooth

muscle cell proliferation, decreasing muscle thrombosis,

decreasing neutrophil adhesion, reducing incidence of

injury, and perhaps decreasing permeability. All of these

things are beneficial to the lung vasculature and to the

lung itself in the setting of the clinical disorders we have

been discussing.

However, on the other side of it we have

significant concerns for this possible list of

cytotoxicities. That is enzyme inactivation, especially in

the mitochondria. Are we inducing cell death? Is there is

a nitrosative stress, like so much of an oxidated stress?
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Does it lead to surfactant inactivation? Does it increase

edema itself? And finally, issues of mutagenicity.

So it’s really this balance between

cytoprotectiveness and cytotoxicity which makes it difficult

to clearly discern what the net effects are in many

settings.

What we want to do is briefly talk about some of

these issues. We’ll talk about the potential for lung

injury in terms of exposure to nitric oxide, nitrogen

dioxide, and perioxinitrite. 1’11 briefly refer to

potential for mutagenicity, and then discuss issues like

methemoglobinemia, prolonged bleeding time, and the problem

of pulmonary hypertension of rapid inhaled nitric oxide

withdrawal .

Well again, the toxicity of nitric oxide is less

directly related to NO itself versus interaction with

oxygen. We know that nitric oxide when metabolized forms

methemoglobin, which can lead to tissue hypoxia by altering

oxygen delivery. But these levels are readily measured, and

as I will show you, remain low in most clinical settings

with the doses used.

When it interacts with hyperoxia it can form other

more toxic products such as nitrogen dioxide, which may

cause epithelial damage, air reactivity, or pulmonary edema.

Again, as 1’11 show you, the nitrogen dioxide level itself
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can be measured, which hopefully will be protective of the

lung.

The primary release is the generation of

peroxinitrate, that is with nitric oxide with super oxide

radicals, which can lead to peroxinitrite radicals, which

then causes cytotoxicity, perhaps effective dysfunction, and

leading to a scenario which looks very similar to ARDS.

Well, in terms of the hemoglobin itself, it is

clear from the earliest studies that the with dose therapies

this is rarely a problem, and can be easily and closely

monitored. This illustrates our first 15 babies in Colorado

on either conventional ventilation or high frequency,

showing that although there is a rise in the hemoglobin

levels, that these levels remain within our laboratory

reported normal range.

In addition to that, you’ll be hearing about later

in a large, multicenter trial you’ll see that at only the

highest doses of nitric oxide does one see a significant

methemoglobin development.

This is true also in terms of nitrogen dioxide

formation. That is, that it is believed that at levels

below 2 are fairly safe, but as one sees this data from a

large, multicenter trial, the NO level remains at very low

levels through prolonged treatment at various doses, except

at 80 ppm, where we tend to see an elevation at this stage.

*
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Again, the real toxicity that we’re worried about

is what we can’t directly measure, and that’s were a lot of

us have concerns, and that’s peroxinitrite formation, which

can cause lipid peroxidation, causing cytotoxicity through

that step; protein modifications; it can cause antioxidant

depletion, and these kinds of steps are difficult to assess

directly, because you can’t measure peroxinitrite formation.

So if we think about nitric oxide in the

protective roles, that is the decrease in inflammation, the

vasodilation, and anti-proliferative properties, we have

been worried, is it cytotoxic or is it cytoprotective. Then

we turn to the whole animal studies that have been

performed. Perhaps we can begin to tease apart some of the

differences here in various animal models and experimental

clinical settings.

The first study began to look at nitric oxide not

in terms of when it is given as an exogenous agent through

inhalation, but rather its endogenous role. It’s important

to remember that nitric oxide release in terms of endogenous

activity seems to be enhanced in the variety of lung

diseases and the setting of lung injuries. That is, babies

who die of meconium aspiration, patients with ARDS have high

trosilated(?) proteins, which were described by the first

comments that were made this morning.

In other words, peroxinitrite is likely to mediate

.



51

some lung toxicity endogenous distinct from its effects as

an exogenous treatment effect.

One study that was done by Peter Ward’s group in

1991 was to look at a new complex related lung injury that

caused an ARDS-type scenario. What he found was if you

actually give a glocker of nitric oxide, you could actually

decrease the permeability of these blood vessels in this

lung injury model significantly compared to their controls.

In others words, it looks like endogenous nitric oxide was

contributing to the lung injury, raising many concerns.

On the other hand, in another model that was

looked at, that looked at septic(?) shock in mice, they

looked at survival in these mice following LPS treatment.

You can see that there is a rapid and dramatic fall in

survival between 24 and 48 hours. In this setting, however,

if you block endogenous nitric oxide, rather than enhancing

survival, you accelerate death. In others words, LPS

administration, the blockade of endogenous nitric oxide

marked worsening of survival.

These animals died with severe lung disease,

characterized by severe lung inflammation that was far worse

in these nitric oxide inhibited group than the group that

received endotoxin directly. So if you think about

endogenous nitric oxide, we have evidence in whole animal

studies that it has dual roles. It’s likely related to the
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mechanism that causes the lung injury, but the majority of

studies now are suggesting that there is a protective

effective from endogenous

To more closely

investigators are looking

nitric oxide in most scenarios.

explore this question, many

at the effects of giving inhaled

nitric oxide. This list is some of the animal studies that

were performed. The studies listed on this slide illustrate

some of the adverse events in this setting. That is, in the

model of neonatal lung disease, inhaled NO at high doses

over two days caused lung inflammation or surfactant

“)___

dysfunction.

Now in these models

about 100 ppm, and as we have

the doses that were used were

heard from previous speakers,

the amount of nitric oxide being administered

a significant role in the amount of monotoxic

that are being generated.

probably plays

side products

One study has looked at in rats, the effects on

lung development and lung growth, and reported decreased

alveolar septation. This of course is a major concern in

the developing lung, however, if you take a close look at

this paper, what they really saw was thickening of the

interstitial space, without a changing alveolarization, and

the overall lung surface area remained unchanged.

Finally, there are a number of studies in which

giving high doses of nitric oxide for prolonged periods had
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no adverse events.

Well, along with the slides, I have suggested that

we are seeing the adverse events or no adverse events, there

have been a number of studies that have actually shown

protective events. That is, in experimental models in whole

animals that looked at the variety of different stimuli,

this oxidant injury from oxidant toxicity or directly giving

exogenous oxygen, ischemia reprofusion injury, premature

newborn lambs with severe respiratory distress syndrome,

cytokine induced lung injury, ischemic gun injury with

associated lung disease, sepsis, allelic acid.

Many of these studies listed here have actually

shown that nitric oxide has protective effects, that is they

decrease oxidant injury, did prolong survival, and decrease

lung inflammation.

This is one slide that was shown to you already,

and it shows changes in permeability that is leaked to the

vessels, and changes in pulmonary edema. It shows that in

the presence of nitric oxide, you can dramatically decrease

the rise in permeability of glutathione with oxidant stress

here, and could decrease the development of pulmonary edema

in this model.

Or Bruce Freeman’s(?) laboratory, he looked at
,

survival in rats exposed to hyperoxia, he demonstrated that

expected mortality that is often seen in this model. Bruce
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hypothesized, however, that the if he gave nitric oxide to

these animals, he would actually accelerate the death

through the generation of peroxinitrite, perhaps nitrogen

dioxide.

To his surprise, he demonstrated a marked

improvement in survival. These rats received hyperoxia with

low doses of nitric oxide, and around a near 100 percent

mortality is shown here, there is significant improvement in

survival.

In another animal model, that is more relevant to

the previous newborn, to the developing lung, is Dr.

Sullivan in Colorado(?) gave nitric oxide to these animals

to get decreased neutrophil accumulation within the lung.

There are the control animals, all these red dots here,

represent staining for neutrophils that are accumulating

within the lung.

The NO treatment group demonstrates a lack of

neutrophils, with a dramatic decrease in myeloperoxidase,

suggesting protection from lung inflammation in this

setting.

So the question is then in inhaled NO of pro-

oxidine leads to these kinds of changes in vascular

function, or actually serves as an antioxidant. That it’s

like driving super oxide through a different pathway or

scavenging it, because it actually has that sort of
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protective role.

Now a lot of controversy is based on the fact that

in many models the effects are dependent on the dose used,

the specific experimental setting. Especially in the in

vitro setting, it depends on what kind antioxidants are

provided. If they are glutathione, what’s the pH? Many

different things will shift the balance along these lines.

So far the overall net effects of these of inhaled NO, at

least in experimental animals, have been positive,

suggesting protective effects in those areas.

Well, that’s the animal studies. What do we know

about the clinical studies? Dr. Dellinger told you already

that in clinical ARDS there are very small numbers of

patients. They measured interleuken-8 to the cytokine

produced with lung injuries, which may provoke

inflammation.

What they showed in the lavage fluid

treated patients was that with treatment there

lung

of these NO

is a

progressive decrease in the amount of IO-8 that was

recovered in the brachial fluid. In contrast, these are

untreated control patients. They remained unchanged or

perhaps increased a little bit, but this suggested some

decrease clinically in lung inflammation.

The other piece

permeability of pulmonary

of information that was, it was

edema. Again the Benzing work in
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clinical ARDS suggested that independent

effects, it may have a protective effect

area. In other words, in these clinical

and colleagues infused labeled red cells
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of the hemodynamic

on the endothelium

patients, Benzing

and albumin and

stand alones looking by this permeability index at the rate

of albumin accumulation in the lung.

As you can see, it’s a progressive rise over time,

which during nitric oxide therapy, markedly decreased the

rate of rise. Finally, following discontinuation of nitric

oxide, there was again a progressive increase in edema.

These findings suggest that independent of the hemodynamic

effects, that there may be a direct terminability effect

that my increase cytoprotectiveness instead of lung injury.

Well, the other side effects are more adverse

events that nitric oxide may have. In other words, the

bleeding time ratio itself is increased in patients treated

with nitric oxide. You can see, however, that this has been

controversial . A more recent study found that nitric oxide

treated patients have decreased platelet degradation(?) in

vitro, but did not prolong the bleeding time in clinical

patients.

In other words, there were some significant

reductions in the NO treated patients regarding platelet

degradation assessed in vivo, however, the in clinical

setting itself, as I did a bleeding time study, there were

*
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We talked about the sick

intracranial hemorrhage.

from the latest clinical
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is a very important question.

newborn in terms of the risk of

We will hear more about this later

trials, but so far in terms of

incidence of intracranial hemorrhage and significant bleeds,

there is no difference so far between the study groups.

The other response that can be an adverse event is

this rapid so-called pulmonary hypertension following the

withdrawal of nitric oxide or rebound. This is a child who

is toxemic 01. You will hear about this from Dr. Kinsella.

The child was toxemic. Her diaphragmatic hernia was treated

with high frequency ventilation and nitric oxide.

After a period of treatment, was briefly withdrawn

from nitric oxide, showing a dramatic worsening of

oxidation. Resetting nitric oxide led to re-establishment

of low 01 again the second day. You find the third day the

babies being off have problems with that rebound. This risk

is itself is one that is managed clinically. If there is an

awareness of this, it can be handled, and that is

progressively over time it has been the trend.

Despite having this question of what nitric oxide

may be doing in terms of vase-reactivity in these patients,

all of these patients tend to, over time, decrease this

reactivity with resolution of their disease.
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The other so-called adverse event is the in some

patients pulmonary vasodilation may adversely affect their

hemodynamics . This is particularly seen in cases with

significant left ventricular dysfunction. For example in

adults with heart failure, giving nitric oxide gives you an

elevation of pulmonary capillary wedge pressure. Although

pulmonary vascular resistance calculations tend to decrease,

the elevation of which pressure perhaps falls in cardiac

output can be concerned in this clinical scenario.

Wellr in conclusion then, if one looks at the

excitement about potential therapeutic roles, this is how we

like to view the possibility of INO therapy: that is, it

may have hemodynamic effects; effect on smooth muscle

proliferation and growth tend to be favorable; anti-

thrombotic in situ effects; perhaps by modulating

inflammation, oxidant stress and permeability edema,

diminish the risk of injury.

However, we need to learn more about this limb and

this limb, and how to balance between these risks and

benefits. Clearly, patients who are not going to be

respondents to nitric oxide or improve clinically

significantly shifts the balance between cytotoxicity and

cytoprotection.

Patients at great risk for other kinds of

toxicities in relation to fear of high morbidity and
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mortality are likely to tolerate a given balance between the

two . We need to continue to learn more about this balance.

So far the net effect of the whole animal experiments, the

clinical experience has been favorable, showing a net

favoring cytoprotection.

Thank you for your attention.

[Applause.]

Agenda Item: Open Discussion

DR. PACKER: What I would like to do now is to

open up all of the presentations that have been made this

morning to discussion, and in doing so, emphasize that the

goal today is not to reach any conclusions or develop any

determinations as to whether inhaled nitric oxide is

effective for any indication, but to really to achieve two

goals.

One is to determine whether the data that exists

already allows a conclusion in this matter, or whether

additional trials are warranted. They may not be warranted

because there is overwhelming evidence for lack of efficacy,

or because there are sufficient concerns about toxicity that

would prohibit the conduct of additional trials.

Furthermore, to determine if further evaluation of

nitric oxide is warranted, that how such an evaluation can

be reasonably conducted, because there are a number of

issues in terms of patient population, trial design, dose,
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and endpoint which have been raised by a number of the

presenters today, and really need to be the focus of this

morning’s discussion, because it is the focus of this

afternoon’s questions.

So let me ask the committee to focus on that, and

remember the goal here is different than the usual advisory

committee. The usual advisory committee is to make

judgments about efficacy and safety, and that is not the

purpose today. The purpose today is to reach a sense of

direction for the future, both in terms of whether this

agent should or could reasonably be developed going forward,

and second, how should the development proceed.

DR. THOMDONI: For Dr. Zimmerman, I think one of

the issues that you emphasized is the develop of severe

respiratory trachea(?) in the French trial was lower in the

inhaled NO group compared with the control. One of the

difficulties with emphasis on that is that some of the

patients in the NO group, there was more mortality. So it’s

possible that the severe patients who got that actually

died, so you are not seeing it. So I’m not sure whether one

can really rely on that emphasis.

DR. ZIMMERMAN: Right, the patients that died

earlier were not available for other interventions.

DR. THOMDONI: You had no chance to do anything

else because they are already dead. So I think you have to
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be very careful when you emphasize on thing to another,

because look at the Tables on Page 6. You’ve got 12 percent

in controls and inhaled NO too. On the next page the

outbreak is 14 percent and the animal control is 6 percent.

DR. ZIMMERMAN: Right, and those are very small

numbers. I don’t think you can take a lot statistically

from those. It’s an observation. That was actually the

European trial, which has lots of other problems.

DR. THOMDONI: Did you draw a conclusion from the

European data and from your study is that although there are

beneficial physiological effects in your study, the outcome

advantages are not there?

DR. ZIMMERMAN: Right . The studies weren’t

powered to look at -- at least the U.S. trial is not powered

to look at clinical outcome and efficacy. So I guess my

point is that we still need that information. We need to

obtain it in a very rigorous manner.

DR. THOMDONI: My last question, if you put all

the studies presented, the European, French, and yours,

there is really no clinical benefit as far as outcome is

concerned. So do you think there is still in your own mind,

a reason to prove there is something it, or should we

discontinue it?

DR. ZIMMERMAN: I would say as a

scientist/clinician I would not encourage anyone to try to
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lump these three clinical studies together in any form. The

European study has so many problems, I’m not sure to make of

the data that are there. I certainly can’t give you

anything about efficacy.

The French trial is a well done trial. The

patient population is very different. Whether that is the

right one or the wrong one, but clearly you can’t combine

trials . You can’t do meta analyses with these trials and

try to come up with a conclusion. I would say you don’t

have evidence of benefit, but we have not tested that

hypothesis well in the U.S.

DR. PACKER: Let me take the opportunity of having

Dr. Zimmerman at the microphone and ask the committee and

its consultants today to deal with an important question,

how do you define efficacy in this disease? You described

three clinical trials, each with different primary

endpoints. If any further development of this agent in this

disorder should go forward, one of the clinical factors

would be what criteria does one use to judge whether the

agent works?

You have already outlined, as I think others have,

the complexities here. So cutting to the chase, what would

you propose?

DR. ZIMMERMAN: Actually, I like the endpoint that

we used in the U.S. trial. What I like as a physician is I
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to survive. And if they survive, I would

survive with a minimum amount of morbidity

“?.-

What is clinically relevant is if that patient

survives, if I can get them off a ventilator two days

earlier, that decreases risk for a lot of other

complications. If I can get them out of the ICU earlier,

that decreases their risk for other complications. So I

think survival and off of ventilation, is from my

perspective, a clinically relevant endpoint.

DR. PACKER: Let me just maybe ask further on this

issue. I think many have emphasized that ARDS is a very,

very complicated syndrome. That although there may be a

pulmonary ventricular component to this disease, it is not

the only pathophysiologic mechanism which is activated. The

pulmonary toxicity and organ damage is not even a major

cause of fatality.

There are all sorts of horrible things that can

happen to patients with ARDS, not just dying. They can

develop end organ problems of a variety of specific types.

Why would you only focus on one endpoint? Why would YOU

define the endpoint in such a way that it could only reflect

the benefit of the drug, instead of looking at the effects

in a more comprehensive manner?

DR. ZIMMERMAN: I agree with everything that you

*
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have said. One of the difficulties -- what you’re talking

about is morbidity -- is defining morbidity objectively.

That is the problem we run into with clinical trials. In

other words, how much renal dysfunction is bad versus the

good withdrawal threshold. That’s really, I think, the

problem. What you saying is absolutely correction.

A clearer indicator is getting them off the

ventilator, less trauma risk, less lung risk, less GI

bleeding risk. Or getting them out of the ICU, that also

decreases risk we know. But matching morbidities is very

difficult.

DR. PACKER: I remember our previous experience on

this committee in this matter is complicated, because maybe

a good analogy would the condition of acute myocardial

infarction, where PVCS and the implications of PVCS in

patients with acute myocardial infarction present only one

possible thing that can go wrong in with acute MI.

So the analogy here is this represents only one

thing that can go wrong in ARDS. Yet, you could define an

endpoint in acute MI, death plus number of days off

antiarrhythmic therapy, but none of us would

impressed by that.

DR. ZIMMERMAN: Well, I think it’s

be very

a little bit

different in the setting of ARDS in that we clearly know the

risk of mechanical ventilation in the patient.

*
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DR. PACKER: We know the risk of antiarrhythmic

therapy too.

DR. ZIMMERMAN: You’re right. I guess I’m not as

comfortable with MI as you are, obviously. By decreasing

the risk, again, we know there is pulmonary lung and GI

bleeding, multi-organ failure progresses along with this.

So I don’t know what other endpoints fit that is going to

tell what impacts the outcome of the patient. We don’t have

enough information, plus it depends on the population that

you choose going into the study, as to what you what choose.

DR. CALIFF: This is more a comment I guess, and

I’d like to have your opinion on this. At least what the

committee, I would argue that time on the ventilator or time

in an intensive care unit is not a surrogate endpoint for

predicting future values. It may be that too, but it

actually is a bad thing. If you ask a patient, would you

rather be on a ventilator or not on a ventilator, would you

rather be in an ICU or not in an ICU, I think the patients

would unanimously, unless they were crazy, say that they

would rather not be on the ventilator.

In a variety of settings, having less ventilator

time in clinically significant amounts, or less ICU time, as

long as other bad things didn’t happen, and there was no

increase in mortality, I would argue that the clinically

relevant, measurable benefit, just like hospitalization for

,..—.,
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heart failure or hospitalization for patients with heart

disease, you would rather avoid that.

I’m trying to say between a surrogate which is

totally meaningless to the patient, because it is a signal

that would happen, and the non-fatal clinical endpoint,

which is very important to patients, and may or may not

offer surrogates.

DR. ZIMMERMAN: Yes, and so we could pick another

endpoint. You could say the number that have renal dialysis

or renal replacement therapy. The problem with choosing

something else is that the incidence is lower. You don’t

know enough about that particular endpoint to feel

comfortable designing a study to measure a difference in

that in a blinded study. Mechanical ventilation is easy to

measure objectively -- well, it’s not totally objective, but

it may have some relevance.

DR. PACKER: Rob, let me take what you just said

and see if I can I understand what the implications of it

would be. I don’t think one would say that being on a

mechanical ventilator is good idea, but mechanical

ventilation is largely the saving of ARDS,

the problem which is physiologic, which is

of P02.

used to manage

a certain level

So that the mechanical ventilator here is actually

used to treat the physiologic measure of POZ. It’s

.
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discontinuation is determined by what the level of POZ is.

It’s institution is determined by the level of POZ. So if

you had an agent which makes the POZ go down, one might

anticipate that the use of mechanical ventilation would work

-- its use would be in parallel with the levels of POZ.

That’s only one issue.

The issue I’m actually really concerned about is

the fact that it could be that the use of mechanical

ventilation is only one of many, many morbid events in these

patients. In fact, depending on the patient population and

the type of ARDS, it could actually represent a very small

amount of the morbidity of this disease.

It is possible that an agent being developed for

ARDS could have an effect on mechanical ventilation, and

that would be desirable, but it would have either no other

effect on any other heart syndrome, or even a slight adverse

effect, not statistically significant, and not easy to

interpret on other more morbid events in ARDS, so much so

that the net clinical benefit is not apparent. That’s my

concern.

DR. ZIMMERMAN: Well, that’s why in the U.S. trial

we tried to avoid sepsis and multiple organ failure for that

reason. And that we knew from sepsis trials that the lung

played no big, permanent role in determining outcome.

Sepsis and multiple organ failure did. I think that’s what
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you are getting at.

That’s the population where NO may not make a

difference, and that’s why we elected not to do that

.,.
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population. That’s not to say that it still may not

those patients, it’s just going

numbers have to be a lot larger

those patients.

DR. CALIFF: Just one

to be a lot harder.

benefit

The

to detect a difference in

more comment. It does seem

the more we learn, the harder this gets. I would just argue

that mechanical ventilation in most people with ARDS

actually does represent a pretty overall synthesis of what’s

happening with the patient. There is no take him just based

on the POZ. They really have to be in good enough shape to

care for their airway, and

function in a lot of other

So it’s a pretty

have adequate respiratory

ways .

good overall measure of how

someone would with a survival issue with lung disease is

doing. But it is in murky in a way, because of the issue

that you

and make

world we

brought. You may improve mechanical ventilation

something worse.

So I think we would all agree that in the ideal

might could have a trial that might have this kind

of composite. It’s like heart failure trials at pre-

admission, which would be large enough to detect moderate

sized adverse effects.

... .
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DR. PACKER: But like in heart failure trials,

where we can get ourselves into trouble when we define

morbidity in a cause-specific manner, and combine them

selectively. That’s my point there. What we have learned

now in many other cardiovascular traditions is that we are

on much safer ground when we look at morbidity in a more

comprehensive, all encompassing way.

My major point here was this was a very focal

definition of one type of morbidity, which is now being

raised to the level of primary, and is not comprehensive.

That’s the distinction.

DR. CROSS: In adult critical care, this is one of

the noisiest conditions you will find in terms of many of

the factors that are determining the patient’s outcome.

About 15 percent of deaths are related to respiratory

failure. I think that’s right on target. There are a lot

of other conditions, a lot more renal failure and sepsis

that typically produces death.

It is hard to measure benefit. Mortality is one.

At least in Seattle over a decade, without a magic bullet,

without any sort of curative treatment, really just better

care all around. I think this is something that kind of

falls in that area. This is a thing that I would expect to

improve mortality without having an appropriately powered

study.
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As a result, I think appropriate endpoints need to

be directed at measurable goals that have true meaning, and

to measure the risk that the patient derives from that. It

is a real benefit to be off the ventilator a couple of days

early, and not just from the discomfort of it, but also the

risk for ventilator-associated pneumonia and secondary

problems. So I wanted to certainly support that idea.

I think morbidity -- making sure that we’re not

making an improvement in one area, but at the cost of

another area is an important point. I think the trends that

are favorable trends of mortality that we are good markers

that probably we’re on the right track with that; that we’re

not causing other serious morbidity that is likely to lead

to a problem with increased mortality. It would be nice to

measure morbidity in a more comprehensive fashion.

DR. LIPICKY: I don’t think the way to look at

this is as a surrogate, because it implied that mortality is

going to get better. I think the disease has been reversed

or altered in its natural history. It is indeed a clinical

benefit not to have to walk with a gas tank, so it is a

clinical benefit. It isn’t as a surrogate for something

else.

Indeed, as you know in other diseases we are

perfectly willing to make judgments on the basis on how long

people can run on the treadmill, and it’s a form of
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intervention.

DR. PACKER: I think the issue is not at all

whether it’s a surrogate. The issue is whether it is

comprehensive and an accurate reflection of the clinical

progress or lack thereof that a patient with ARDS has

achieved at a certain point in time.

DR. LIPICKY: But if you would be willing to

accept it as a non-surrogate, you would only want it to

reflect the change in the natural history of the disease or

a surrogate for that. It is not a surrogate of how the

disease is going.

You can’t view in with no indication at all as to

whether or not the disease has been altered in its natural

history. It is an independent clinical benefit. The

disease might in fact get worse, or be totally unaffected by

having benefit in that area. So it isn’t a surrogate. It’s

not playing the role of reflecting change in the natural

history, but you have to accept that. You may not want to.

DR. ROTHSTEIN: A couple of remarks. About 30

years ago we removed oxygenation as a cause of death in

ARDS . Since then we have been struggling to eliminate

causes of death, and we have not done a good job of it.

It’s been slow. It’s not necessarily been a great use.

I’m sort of getting a chuckle out of this, because

you picked the most complicated disease state, as an issue

.
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to look at and discuss. The reason I’m getting a chuckle

out of this is because for the last 30 years I have lived in

the land of off label uses. I think there are going to be

much clearer indications and endpoints for this agent. It

may in fact be that ARDS, adult ARDS becomes the off label

use.

I don’t think we’re smart enough yet to know what

the endpoints are. It may in fact be a decreased in the

ICU, reflected in the decreased infection rate in these

patients. I don’t know, but we have to come up with those

endpoints. Those may come out over the course of time.

DR. PATTERSON: Can I make a comment? My name is

Alan Patterson from Washington University.

I think that perhaps the lack of benefit or

improvement in mortality as seen in the adult ARDS patients

may reflect more the timing of its implementation as

therapy, rather

There

any other organ

transplantation.

than whether it actually does any good.

are models of early lung injury exclusive of

injury. The best model of that is lung

We’ve got the biggest pediatric lung

transplant program in the world. We have a large experience

with the use of inhaled nitric oxide. Lung allograft

reprofusion injury is the commonest cause of morbidity and

mortality following lung transplant. That is dramatically

reduced by inhaled nitric oxide when it is used in the

a
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beginning, right as soon as the injury is evident.

It reduces time on ventilators. It reduces ICU

stay. It improves oxygenation, and improves

reduces the need for ECMO.

It is also interesting that if you

mortality, and

administer

inhaled nitric oxide in donor lungs, it improves their

function following implantation. It is kind of an

interesting side light measure, but it is well explained by

its various mechanisms.

so

represents a

to look like

this therapy

I think lung allographic reprofusion injury

very early form of ARDS, and untreated goes on

any other ARDS. Perhaps if had some implant in

early on in the course of ARDS, it might have a

significant impact on ultimate outcome.

PARTICIPANT : Just a couple of quick comments. I

think even removal from mechanical ventilator as an endpoint

handicaps the nitric oxide somewhat, because many patients

remain on the ventilation in the tracheal tubes, which this

will not have any effect on early protection or for

respiratory muscles. I think there is no reason to think

this drug will affect respiratory muscle strength.

So to some degree, if you think about the

physiological effects of inhaled nitric oxide, even removal

from mechanical ventilation becomes a fairly tough endpoint.

I think it’s reasonable, if you do get some endpoint, that

*
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you would need to look carefully at all the data that has

been gathering, to feel comfortable that there are no safety

issues, but I think that can be done.

As far as should we still be testing inhaled

nitric oxide, I think there are enough problems with the

other trials that unless somebody sorts it out for me, it

really doesn’t help me at all in making any kind of

decision. I think the French study is a worthwhile study,

hampered somewhat by having a high number of sepsis

included. I think most of us feel that group is not going

to have as likely enough as patients that have no septic

area. So that was certainly handicapped.

In our study, we need to see what the 5 ppm does

with that post hoc analysis.

DR. THOMDONI: I think one of the difficulties in

this area, depending the critical care area at the present

time in cardiology where we do the best we can. Then we

show all right, we have done the best we can, and the we

send the patient to the general ward. We are glad that this

patient is out, because we have patients who die in the

hospital.

So I think you have to take a composite endpoint.

It’s nice that you are going to use the hospital stay for

when a patient comes off the ventilator, but suppose you do

an comparison. That is, you oxygenation. You are out of
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the intensive care unit, and yet there is a very prolonged

hospitalization and dies.

So I think it is very difficult for me to accept

one surrogate endpoint. You have to take a composite

endpoint of death, hospital stay in ICU, and what happens to

the patient when they leave the hospital; has the lung been

damaged or not? So one could come up with an algorithm of

this for sample design.

Suppose more patients on NO inhalation, and yet in

the remaining patients you are reducing the time to

ventilation. Is it good or bad? A disease with different

morbidities in different patients might be the answer before

we started using the agent, even as an approved indication.

DR. PACKER: I don’t think that the data about the

number of days off mechanical ventilation -- in fact, I

don’t think anyone has heard that it could not include

mortality. I think everyone actually feels comfortable it’s

not a surrogate. I think the issue is whether it is as a

measure, sufficiently representative of patient outcomes.

DR. THOMDONI: I think that should be made a

surrogate endpoint. What you really need is a mortality,

improved stay.

DR. ZIMMERMAN: Total hospital stay is very a

subjective endpoint in that the criteria for discharge

varies with when the insurance runs out, as well as family

,.. ....
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issues . I’m not sure that’s the appropriate one.

The other thing you get into when you start

looking at hospital stays when they die are ethical issues.

In other words, quality of life. Would somebody want to be

alive for an extra week, and yet still die? I think that’s

a little bit harder. I think mortality really is part of

this efficacy or part of this analysis. I agree that’s not

a substitute for that, but hospital stay is a little bit

like ICU stay. Those are more

reasonable to report. I’m not

information, how to apply that

subjective. They are

sure what you do with that

to evaluating a drug.

DR.

sure you have

and you said,

THOMDONI: What do you with

seen a patient who came off

we’ll you’ve done your best,

to send him to the hospital ward. It may

a patient -- I’m

the ventilator,

and you’re going

not die with

[unintelligible] failures. I think you have to take it from

Bob’s endpoint, just not in isolation.

I realize it’s very important. I don’t want my

patient to come back if I can avoid it, but there are times

you could also argue perhaps more time on the ventilator,

the patient is so tired that his muscles are now working

might be beneficial. We are presuming that the short run is

actually going to improve the total outcome. I don’t think

I have seen any data presented about that. It could be

true, it could go the other way. Maybe one or two days more

*
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of ventilation, the guy can’t breathe he’s so tired, it

might be beneficial.

DR. ZIMMERMAN: No, I don’t think mechanical

ventilation is going to affect their ultimate outcome. We

just do know it decreases risk. But when they are alive,

no, there is nothing to suggest that.

DR. LIPICKY: But I think you have to bear in mind

that there are two clinical goals that are appropriate. One

is feeling good, and the other is living longer. It’s okay

to have to have people live shorter if they feel good while

they are living.

doctors can make

If YOU

Those are trade offs that patients and

decisions about.

are willing to accept the oxygenation, the

time off ventilation -- and I’m making a rough analogy now -

as a feeling good thing, it is not also necessary to have

that same treatment to make you live longer in order to be

an accepted treatment. In fact, it could make you live

shorter, and still be an acceptable treatment if you know

what the magnitude of the effects are, and it’s adequately

described.

So I don’t think it’s necessary to think in terms

of having combined endpoints, but it certainly is necessary

to have those things measured.

DR. PACKER: I think the problem Ray, is that as

opposed to many of the diseases we normally see come to the

#
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those diseases, and as you know these trials
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patients with

are pristine in

their ability to enroll patients with nothing else, just the

disease being studied.

Therefore, one can reasonably say if someone has

less pain(?) in a clinical trial, that they actually felt

better. In this disease, the determinance of feeling good

is not one. There is not one determinant of feeling good.

There are multiple components of feeling good. That is what

I think makes this more challenging.

I’m not right away advocating the superiority of a

more comprehensive measure of morbidity. I am just

wondering what trouble we can get into if we don’t have one,

and that could we potentially approve a drug that actually

has a very, very tiny therapeutic benefit because the

endpoint is defined in a very, very cause-specific manner.

DR. LIPICKY: Would you feel more comfortable if

the endpoint were alive, off ventilator, and a response to

the questionnaire that

DR. PACKER:

DR. LIPICKY:

DR. PACKER:

said I feel good?

One question in that questionnaire?

Would that be better?

No, because I think that first of all

it would not be very discriminating. Most patients who have

been excavated feel better than they did when they entered

the hospital.

—
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DR. LIPICKY: But isn’t that feeling good?

DR. PACKER: I’m not certain there is an added

value. I understand the purpose of the question.

DR. KONSTAM: I’m a little bit more comfortable

maybe with the possibility of using time on a respirator or

time off the respirator alive as an adequate endpoint. I

mean I think your point is very well taken that this is a

complex set of disorders that the patients are experiencing,

although then again the commonality in this condition is

respiratory failure. That’s why it is called ARDS.

It would be great if you could come up with some

kind of score that represents the composite of how the

patient feels and how they do, but that’s different from

him. So if you are looking for an endpoint that examines

some index of the respirator status or success at improving

the respiratory condition, it then, as Ray is pointing out,

is meaning to how the patient is doing, because they don’t

have to be tied down to the respirator.

Throw in the point that Rob made, that you are

going to look for other evidence that something else is

going on in the other direction, so you if have greater time

off the respirator, but you more patients on dialysis as one

of the studies suggested, that would be a problem. But YOU

don’t see any of those things, and you are left with this

one semi-concrete endpoint of being off the respirator, I’m

.
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fairly comfortable that I would like to look at that.

DR. PACKER: Although I totally agree with you,

the only problem I have is the fact that it is almost

impossible enter the data on safety into your primary

endpoint in any kind of reasonable or prespecified manner.

For example, if you had a statistically

significant reduction in the pulmonary benefits, the drug

was better at keeping people off a ventilator or getting

them off the ventilator early, and you had a nonsignificant

increase in the number of the morbidities, but it is not

significant . See it’s elusive. The concerns are elusive.

The total benefit in treatment versus not can in fact be far

smaller or non-existent if you factor that into the

pulmonary equation.

DR. KONSTAM: I hear you, and these are very valid

points, but I fear that you could wind up handcuffing

yourself. If you decide that pulmonary insufficiency is a

major component of the syndrome, it is in fact a common

denominator. If you are seeking therapy that influences

that particular part of the syndrome, I think you are going

to look for an endpoint that is a marker of that piece.

Granted that what you are pointing out really is

the imperfects of the trial endpoints, other than mortality.

If we could a mortality study, I think that would be

fantastic. Short of that, I think we’re going to wind up
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handcuffing ourselves not to take the respirator indicator.

DR. TEMPLE: In some ways this is not so different

from the problems that this committee has faced before.

When you approve a treatment of suppression of super

ventricular arrhythmias with flecainide or something like

that . There’s always a concern that somewhere underneath

this you are harming someone. So one of the things is how

much assurance you have that you haven’t made other things

worse. This is in some ways, not unsimilar.

I would be interested in hearing off the top of

the head feelings about who much assurance one might want in

this case. I mean if you are going to accept a useful, but

not ultimate benefit like being off the respirator, I guess

my assumption is you would not trade a great deal of excess

mortality for that benefit. Probably you would want to make

sure there wasn’t any.

What sorts of thoughts do people have in mind

about how much -- 1 mean if they had a bad lean on

mortality, which is an outcome that could be tolerated.

DR. ZIMMERMAN: I don’t think anyone has said they

would trade off an excess mortality just for coming off the

ventilator two days.

DR. TEMPLE: Right, I understand. How much

assurance that there isn’t such an excess would one need?

Do you have numbers in mind?
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DR. CALIFF: One way to frame that question is to

ask the question how much of an increase in mortality would

you want to be able to be able to exclude? In other words,

if you look at the data we currently have, the confidence

interval would include up

percent higher mortality.

DR. ZIMMERMAN:

to something like a 15 or 20

I don’t think I would have a

ready, specific answer. Is it 5 percent excess? Is it 2

percent? I think if you polled all the critical care

physicians just in this room, we

variety. Certainly, I would say

not sure that even comes close.

DR. THOMDONI: I think

would come up with a wide

5 percent or less, but I’m

it is such an important

issue because in intensive care you want to get the patients

out obviously alive. That’s your whole purpose to admit

them. If there is any more mortality, how you can associate

the two, I think is impossible. You are admitting them so

that they could probably live a useful life and survive.

Say if your respirator weaning off red is 10

percent better in your NO group, and your mortality goes up

8 percent, it would be very discomforting.

DR. ZIMMERMAN: Oh, I agree.

DR. THOMDONI: You have to

endpoint and make sure that they are

direction --

take a combined

not going out of the

.
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DR. ZIMMERMAN: That’s why mortality is factored

in.

DR. THOMDONI: You have to put it in.

DR. LIPICKY: You should answer Dr. Temple’s

question he just asked you. Pick a number between 1 and I

billion, and say what you think off the top, what you think

the percent is that you would accept. All I want is a

number.

DR. THOMDONI: To calculate that you are confident

that you are not causing excessive mortality.

DR. LIPICKY: What number would you be comfortable

with? That is the question -- 1, 2, 5, 100, 10,000?

DR. THOMDONI: It’s not a question of 1 or 2

percent. I think you have to say see 300 patients, and if I

lose 5 versus 2, and if I benefit 3 by coming off the

ventilator, I would be very nervous. I want to be sure I

have not done something else.

DR. LIPICKY: No, but that’s incorrect.

DR. THOMDONI: I realize that.

DR. LIPICKY: It’s what confidence you want to

have in excluding how big a percent. Name that

Then you can size the trial and figure out what

do.

DR. PACKER: I suspect that they will

percent.

you need to

already have

their hands full trying to size the trial for the primary,

4
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let alone trying to size the trial to provide persuasive

evidence for safety that guarantees that any committee

looking at the data retrospectively not raise some concern

about some numerical difference between two columns.

In fact, I’m actually less concerned about

factoring in mortality, because mortality is already being

sort of factored into this primary endpoint. I’m more

concerned about what do you do when you have a result in a

trial -- for example this is the European ARDS study, where

this is just one column, renal failure, 29 percent in

control, 44 percent in inhaled nitric oxide. Nominal P

value 0.05.

It’s not factored into the primary endpoint. How

much weight do you give that? How many renal failures do

you worry about to offset 1.3 days shorter on the

ventilator?

DR.

how factor in

ZIMMERMAN: I think what you have raised is

safety versus efficacy or with efficacy? I

think until you actually see the safety data, it’s very

difficult. I will just object to using European trial data.

DR. SESSLER: ARDS is incrementally tight. It’s a

multiple organ failure in all regards, that that’s really a

key area that we need to look at. First of all, a lot of

people who look at ARDS in general consider it the

respirator component of multiple organ failure.
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Secondly, if the degree of organ failure during

the time of mechanical ventilation will also impact also on

the ability to remove the patient from the ventilator. so

it’s not just an oxygenation issue there either. If the

people develops sepsis and renal insufficiency, and has more

problems with fluid and so on, they may require a longer

ventilation time, even though the drug has been effective.

The thing is that worsening morbidities really can

be measured to a certain extent by looking at multiple organ

failure. There are a number of scoring systems out there

that might be used to look at incremental changes after

randomization to see if the change in multiple organ failure

score is different between the two arms.

If there is no change, and there is an improvement

in the time off of ventilation, and there is no difference

or a trend towards improvement in mortality, I think you

have clearly demonstrated that the drug is effective, and

you have demonstrated that there is not excessive morbidity

associated with it. So that may be an option worth

considering in a way of trying to measure in more of a

comprehensive fashion perhaps, morbidities that might result

inadvertently from using the drug.

PARTICIPANT : I just wanted to clarify something

in response to something that you said, Malcolm. That is

that there is a big difference between the natural course of
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the disease endpoints and the feel good endpoints. The

committee has said, and we have sort of agreed that in

considering

comfortable

and looking

hard outcome endpoints it is much more

to look at net effects. That is dead is dead,

at cause-specific death may be imprudent if the

drug is associated with additional other causes of death,

which balance or even out-balance the deaths averted from

the original disease.

Now in connection

have not in general, looked

with feel good endpoints, we

to net benefit. It’s possible

to look at net benefit. Occasionally people looked at

global questionnaires -- how do you feel compared to the way

you used to feel, and stuff like that. But it is also true

for example that in angina we say with nitrites it is

sufficient to demonstrate that an anti-anginal product lets

people run longer on the treadmill.

Well, many people will say, yes, I can run longer

on the treadmill, but this headache is so bad, I would

rather have my chest pain. Now the thing which is different

is we know we are not approving a placebo, and the patient

can, on the spot, make that choice. I don’t want to take

this anymore, I’d rather have my chest pain, et cetera. Or

I don’t want to take clonidine for it’s antiarrhythmic

symptomatic benefits because the GI toxicity is just

unacceptable to me. That’s fine.

— —
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If one is talking about irreversible endpoints,

and I’m not sure where the renal thing comes in here. IS

this a permanent renal deficit, and the person has changed

the natural history of his life? Or is this just well, you

have a few episodes or something like that, and it fades off

in time? The idea of looking at net symptomatic benefit is

not necessary at all.

DR. PACKER: I’m glad you mentioned the last

component of that, because if it is permanent, if it is not

reversible, the equations are very different. If it is

something which is identifiable and reversible, then the

judgment can be made on the spot. If it is irreversible, it

has to be factored in, and it’s hard to know how to do that.

I think that’s what we are saying.

DR. KORNFIELD: I’m a pulmonary critical care

physician.

DR. PACKER: Name please?

DR. KORNFIELD: David Kornfield. I take care of

primarily pediatric patients. Perhaps one of the

difficulties in trying to answer this question with respect

to ARDS is the diverse nature of the disease states that we

treat . It is probably clear that one of the most severely

affected patient populations is those patients with bone

marrow transplant and acute respiratory failure.

Generally, I think people have believed that there
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is about virtually a 95-100 percent mortality risk in

patients who go on to mechanical ventilation with bone

marrow transplant. We have a pretty long, or reasonably

good sized experience with patients who have respiratory

failure in BMT, in the bone marrow transplant world.

In our non-blinded trial before we went to a

blinded trial, which we are now part of a multi-center

trial, we definitely had a decrease in terms of mortality in

patients who had bone marrow transplants and were on the

ventilator. The data is now just emerging from our multi-

center trial. I don’t have the results, but the early

analysis does to seem to suggest that there is some change

in terms of mortality in this patient population.

I guess if people were really interested in

whether or not inhaled nitric oxide had an effect on

mortality, this might be a patient population where you

could really look and see some changes. While it is

probably premature to say, the clinical sense is that some

of these people do survive.

We have had patients, without meaning to talk too

anectodally, who have had aspergillosis, who have left the

bone marrow transplant unit, and that was virtually unheard

of prior to the inception of nitric oxide as a therapy.

DR. PACKER: Yes, please identify yourself.

DR. BENNETT(?) : Rich Bennett from San Diego. I’m
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a pulmonary critical care physician talking care of mainly

adults. I actually have also had an opportunity to have

extensive experience in pulmonary vascular disease, chronic

pulmonary hypertension, which maybe we’ll be able to discuss

later.

With the ARDS population I guess my thinking about

it is maybe we’re asking too much of this agent. What we

know about NO, and I think the data shows it, is it has a

clear physiologic effect similar to a hypertensive drug that

lowers blood pressure. Trials demonstrating reduction in

blood pressure of any hypertensive, if coupled with lack of

toxicity and morbidity are usually grounds for approval.

The drug approves POZ in more half the patients,

dramatically in many cases. If we can demonstrate lack of

mortality, as you are discussing, coupled with that--

physiologic endpoint, shouldn’t NO then be a useful

adjunctive treatment for ARDS? Are we asking too much of it

to define these complex endpoints?

DR. PACKER: Let me try to address that. There is

a reason why drugs are approved to lower blood pressure,

which as you correctly describe, is a physiologic parameter.

That is because there is overwhelming, compelling,

persuasive evidence that there is a relationship between

blood pressure lowering and a reduction in morbidity and

mortality in patients with hypertension.
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1 guess we have not seen any evidence, let alone

persuasive, compelling evidence that a relationship exists

between changes in POZ and outcome in patients with any

disorder, particular ARDS. Do you have such data?

DR. BENNETT: Not specifically. We certainly know

that data suggesting that oxygen toxicity is a bad thing,

and the ability of an agent to lower oxygen needs, which we

know NO does, we have that data, is I think, reasonably well

demonstrated to reduce the risk of oxygen toxicity. So I

think we could support that.

DR. PACKER: Does any member of the committee or

its consultants -- would any of you advocate using changes

in POZ as a surrogate endpoint to support the approval of

this drug or any other drug of this type for any clinical

indication?

DR. ZIMMERMAN: I will answer that and say no,

because that’s again, just raising a PaOz has no clinical

relevance to the patient or the physician caring for that

patient, It has to be coupled with some other benefit, such

as survival, decrease in morbidity, something else. I think

you’re right, we don’t know that raising a PaOz is the

surrogate. In fact, we probably know that it’s not. So

just physiology I don’t think is what we are aiming for with

this drug.

PARTICIPANT : Well, I think it has a major impact
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in the management of a lung transplant patient. It

determines precisely the time of excavation, mobilization

from the ICU, discharge from the hospital. So we rely upon

that measure very importantly in the management of patients

who have a very early and transient lung injury associated

with the reimplantation response or pulmonary reprofusion

injury,

If you want a clinical scenario --

DR. PACKER: The concept here is not to engender

an open debate on the issue. The concept here is to ask

whether there are data that would allow us to make

irrefutable connection between changes in POZ and outcome.

I guess I haven’t heard anyone here say that there is.

DR. GRINES: I have a little bit of difficulty,

because this is out of our area of expertise. Many of the

things that have been approved in the past, it’s my

recollection at least, that we did not require evidence of

sepsis, renal failure, mortality. One of the disease states

actually is heart failure. We approve heart failure drugs

because they feel better. It reduces their incidence of

heart failure. It reduces their incidence of readmission.

I would think that ventilator time might be a similar type

of outcome that we can follow perhaps.

The second thing is maybe if there is anybody in

the audience who has this information, I’m curious about
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these other methods of managing patients with ARDS and

hypoxemia, and how they were approved specifically -- ECMO

and some of the other adjunctive treatments.

DR. ZIMMERMAN: There are no other interventions.

That’s the problem. Just mechanical ventilation techniques

that people are looking at, prone positioning, other

clinical trials with other drugs, almitrine being what

France has used. Right now we don’t have anything else

other than our mechanical ventilators. Ketaconasol (?) has

been looked at; steroids, obviously not early in ARDS.

That’s one of the dilemmas is we don’t have anything else

that has come through like this before.

DR. PINA: As Cindy just said, this is not our

area of expertise, but I am amazed that we are tackling a

syndrome that is so complex and so varied, where not only

the mortality, but the morbidity may also be hinged upon the

underlying pathologic process that gave the patient that

ARDS in the first place. So I think our endpoints have to

be different, because we are dealing with such a complex

variety of syndromes ending up in this so-called ARDS.

I think the value of one of your trials was that

the patients that were entered were very specific ARDS

patients due to A, B, and C may help make the population

little bit more even.

I like the idea of the scoring system, because

a
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with some other syndromes

of critical severity have

we have found that scoring systems

managed to again,

the population, For example, you showed in

the Apache score was higher than in perhaps

trials, signifying that these patients were

So I think

sort of put together

conditions . I don’t

we may have to find

all these different

think you can

mortality, but it’s such a complex

we should be looking at some other

ARDS .

help us even out

your study that

the European

perhaps sicker.

scores that help us

comorbid

get away from looking at

disorder that I wonder if

diseases, and not just

DR. PACKER: We’ll take one more question from

Califf . We’re already behind schedule, and I apologize.

Rob

I

guess we could have the whole day on ARDS, and maybe or may

not make any progress.

DR. CALIFF: My facetious comment

POZ would be almost as bad as using a blood

lowering endpoint for a disease where we’re

about whether people die or have strokes.

is that using

pressure

really concerned

My serious comment is that I think it’s important

for people to recognize that the criteria for surrogate

endpoint are not just that it’s correlated with these

outcomes, but that the difference, the treatment effect is

explained by the difference in the surrogate measure. So

there are many things that are correlated with disease

*
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which are totally uncorrelated with treatment

and should not be used as surrogate endpoints.
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In fact, if you use these criteria, as was pointed

out , there is almost nothing that really works as a

surrogate endpoint by those criteria. I certainly think

from what we’ve heard, POZ in this circumstance doesn’t cut

it .

DR. PACKER: For those who are joining this

committee for the first time, one should not take strong

encouragement to Rob Califf’s first comments on his support

for changes in POZ. Rather, his comments should be

interpreted as his lack of enthusiasm for blood pressure

controls. Let’s try to make sure that the message gets

across faithfully.

Would that be accurate? Okay, good.

Why don’t we continue with everyone’s permission.

It’s probably a good idea to keep going. Does anyone want

to take a break? A five minute break.

[Brief recess.]

DR. PACKER: What we will do now is proceed with

this morning’s session. We’re going to be discussing

neonatal respiratory failure.

Dr. Kinsella, please.

Agenda Item: Neonatal Respiratory Failure - Dr.

Kinsella
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DR. KINSELLA: I’m John Kinsella. I’m a

neonatalogist at the University of Colorado and the

Children’s Hospital in Denver, I have been asked to speak

today about the problem of hypoxemic respiratory failure and

persistent pulmonary hypertension of the newborn.

This shows the overview of the talk. I’m going to

begin with the definition of hypoxemic respiratory failure

in PPHN. I’m going to describe how this problem of

persistent pulmonary hypertension in the newborn can occur

in association with lung disease, and talk about those

categories of lung disease, including the meconium

aspiration syndrome, respiratory distress syndrome,

pneumonia, and lung hypoplasia, and those diseases

predominantly affecting the lung tachypnea.

Also a subset of these patients who have primarily

pulmonary vascular disease, and severe pulmonary

hypertension, what we refer to as idiopathic persistent

hypertension in newborns. And another subset of patients

who have cardiac disease complicating their course in

particular, because of left ventricular dysfunction and

pulmonary edema hypertension.

1’11 begin with a definition of hypoxemia, that is

a relative deficiency of oxygen in arterial blood. In

neonatology we often use an oxygenation index to assess the

severity of the hypoxemia. That oxygenation index is
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mean airway pressure

the post-spectral(?)
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fraction of inspired oxygen times the

on mechanical ventilation divided by

of P02.
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In other words, this factors in not just the

arterial POZ relative to avelolar(?) POZ, but how much work

it takes to get that particular POZ. This is particularly

useful in patients with significant parenchymal lung

disease.

As just an example, an FiOz of 1 with a mean

airway pressure of 20 cm of water divided by the post-

spectral POZ gives an oxygenated index of 40, which Dr.

Clark will talk about in the next talk, a common indication

for progressive respiratory failure, a high risk of

morbidity and mortality, and indication of a need for

treatment with extracorporeal membrane oxygenation.

Respiratory failure simply indicates a need for

mechanical ventilation. We just don’t have a single

definition. In general, clinical criteria in the newborn

include: refractions, tachypnea, cyanosis or apnea

laboratory criteria, generally speaking including a

increasing PCOZ and falling POZ, and an Fi02 greater

with

than

0.05. There is not a universally

respiratory failure in newborns.

breathing and severity of disease

recognized definition for

The clinical impression of

plays an important role.

If we consider lung diseases which cause hypoxemic

#

. . . . .... . . . . . .. .
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respiratory failure in the newborns, although it clearlY

isn’t as easy in the clinical setting, we tend to break

these out into recognizable conditions, one of them meconium

aspiration syndrome.

Others which are characterized by diffuse

homogeneous tracheal(?) lung disease, for example

respiratory distress syndrome and pneumonia, and in patients

with pulmonary hypoplasia, which might be associated with

oligohydramnios and compression of the lungs, or congenital

diaphragmatic hernia. I will speak in a little more detail

about each one of these, again, the purpose being to help us

understand the kinds of diseases we are treating in newborns

with newer therapies.

It is critical that we think about the causes of

hypoxemia in neonatal lung disease. If you consider the

intrapulmonary component, intrapulmonary shunting

contributes to hypoxemia, which simply means that pulmonary

arterial blood reaches the pulmonary venous side without

passing through ventilated areas of the lung.

Then of course ventilation profusion and equality

and imbalance between ventilation and profusion, often

referring to increased death state ventilation.

Shown schematically, we have areas of the lung

which might have a normal ratio of ventilation profusion;

others where that ratio is abnormal; still others where

,... .,
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there is atelectasis(?) and a shunting v/Q of zero.

Certainly in this setting the arterial POZ is going to be

related to that fraction of right ventricular output which

passes through unventilated areas of the lung. So that

intrapulmonary shunts, in many diseases causing hypoxemic

respiratory failure in the newborn is important.

However, this slide shows the return of relatively

low oxygen blood from the lungs, with little extra pulmonary

shunting across the ductus arteriosus of the foramen ovale.

In this setting we are going to advance the catheter into

the left atrium of the pulmonary vein. It would be

recognized that the predominant cause of hypoxemia in some

babies is their intrapulmonary shunts.

It gets a little more complicated, because in the

newborn there are open communications at the foramen ovale

and the ductus arteriosus, contributing to extrapulmonary

right-to-left shunting.

So in the newborn with these open communications

at the foramen ovale and ductus arteriosus, pulmonary

vasoconstriction can increase pulmonary vascular resistance,

and allow that blood, when that resistance is super

systemic, to cross right-to-left across the ductus

arteriosus, and to cross right-to-left across the foramen

ovale.

Now we can evaluate that in echocardiography,

+
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looking at the direction of shunting at the foramen ovale

and ductus arteriosus. One problem is that it’s difficult

to quantitate that. We also are limited in how much we can

measure in intrapulmonary shunting because of these

extrapulmonary shunts.

We can also of course measure the peak velocity of

the regurgitation jet, and that’s the right ventricular

systolic pressure. So functionally, an elevated pulmonary

vascular resistance is not so critical, but when it becomes

super systemic we begin to have profound right-to-left

shunting of the ductus and the foramen, causing critical

hypoxemia in some newborns with persistent pulmonary

hypertension.

We can’t isolate with the pulmonary hypertension

or the lung disease. We have to consider the relationship

of the lung disease to pulmonary hypertension, recognizing

that pulmonary vascular resistance increases at lung volumes

above and below functional residual capacity. For example,

underinflation in RDS can increase PVR. Overinflation in

meconium aspirations can increase PVR in such settings.

Extrapulmonary right-to-left shunting of the ductus and

foramen can contribute to hypoxemia, and that’s why this is

a little more complicates. So extremes of lung volume

contribute to the high PVR and extrapulmonary shunting.

Of course we have to consider cardiac performance

. . ,. ... .. . . . .
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issues. Left ventricular dysfunction can cause mitral

insufficiency, increase left atrial in diastolic pressure

and pulmonary venous hypertension. In that setting, when

that is the predominant cause of extrapulmonary right-to-

left shunting and a high PVR, simply dilating the pulmonary

circulation might not improve systemic oxygenation.

For example, in the setting with left ventricular

dysfunction, there might be really relatively well

oxygenated blood returning to the left atrium, but pulmonary

venous hypertension contributed to pulmonary arterial

hypertension and right-to-left shunting at the ductus

arteriosus. So there are subsets of these patients who

might have variable responses to selected pulmonary

vasodilation.

If we define PPHN as a clinical syndrome

associated with various lung diseases or idiopathic,

associated with marked pulmonary hypertension and

vasolability. Hypoxemia is caused by extrapulmonary right-

to-left shunting at the foreman ovale and ductus arteriosus.

So when we think about PPHN, we have to think

about the interactions. The underlying problem is right-to-

left shunting of the ductus arteriosus and foreman ovale,

which can cause critical hypoxemia. That is related to the

relationship of pulmonary vascular resistance to systemic

vascular resistance in the presence of the open channels,

?
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including the ductus arteriosus.

So although we focus on the pulmonary vascular

component of this disease, we can’t ignore the fact that

many of these babies have lung disease, with decreased lung

volume, decreased compliance, and intrapulmonary shunting

which contributes to hypercarbia and acidosis, worsening the

pulmonary vasoconstriction, and comprising left ventricular

performance, and affecting systemic vascular resistance. It

is that interaction which makes that assessment a little

more difficult.

Often when this occurs, it is a hard number to get

at . I think Michelle Walsh-Sukys did probably the best job

of analyzing the incidence of the problem. She did a

prospective study of the incidence of PPHN which was defined

by echocardiographic evidence of right-to-left or

bidirectional shunting at the foreman ovale or the PDA.

Now that’s important. We’re not just talking

about an elevated pulmonary vascular resistance, but the

full consequences in the presence of an open foramen and a

ductus of having a pulmonary vascular resistance that is

high enough to allow for extrapulmonary venal/arterial

mixture.

This was done on in born patients at 12 neonatal

networks centers. She found an incidence of 1.9 per 1,000

births or 7,400 per year in the U.S. It’s not a big

. . . . ,,.. ., .,,..
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population of patients. We’re not just talking about

patients who are ventilated, but babies who have disease

severe enough to call it PPHN.

Clinical presentation includes near-term or term

incidence of hypoxemic respiratory failure, often with

associated conditions of meconium aspiration syndrome,

respiratory distress syndrome, sepsis and pneumonia,

pulmonary hypoplasia, congenital diaphragmatic hernia, and

then that relatively small subset of patients who have

idiopathic PPHN, that is babies who have severe pulmonary

vasoconstriction without other contributing factors.

Meconium aspiration syndrome is caused by

aspiration of particulate meconium that causes a check style

type obstruction, air trapping and perhaps surfactant

inactivation. The most severe cases are likely to present

in utero aspiration. The most common indication of the use

of extracorporeal oxygenation of cardiopulmonary bypass in

the United States.

As this is an example of a baby with meconium

aspiration syndrome. Now this presentation radiographically

is variable. Some patients have mild disease. Some have

quite severe disease, associated with the particulate

meconium which is in the periphery of the lungs.

Cranium staining of amniotic fluid occurs in 10-15

percent of pregnancies. Tom Wetzel’s(?) observation was

,.. . .. . .
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that only 1 of 20 these develops the meconium aspiration

syndrome we referred to.

It’s also important to recognize that survival in

the pre-ECMO era in patients with meconium aspiration and

PPHN was quite low. In John Murphy in Boston he looked at

the patients who had both meconium aspiration as a diagnosis

and those who had PPHN. They had a very high mortality. In

contrast, the cumulative survival for all cases of meconium

aspiration with ECMO was 94 percent.

This slide is from Murphy’s paper in 1984, showing

the marked difference between a normal newborn who died non-

pulmonary causes and a baby with meconium aspiration

syndrome and PPHN. In the small arterial vessels in the

lungs, showing striking muscularization of those vessels.

So an anatomic or histologic correlate with severe pulmonary

hypertension.

Now the condition is RDS or respiratory failure

associated with surfactant deficiency or dysfunction. The

pathologic diagnosis is highland membrane disease, or what

we see under a microscope looking at the lungs is

characterized by surfactant deficiency or dysfunction,

epithelial injuries, and vascular protein leaks. The

incidence is inversely related to gestational age.

This is a picture of a baby with respiratory

distress syndrome showing the diffuse granularity and air

.,,. . . . . . . . . ... . .
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brocoframes(?) and underinflation, which characterizes this

disease.

Pneumonia is associated with intra-amniotic

infection or chorioamnionitis commonly caused by Groupies

strep. It may initially be indistinguishable from RDS

radiographically. For example, a baby with pneumonia, a

baby with severe parenchymal lung disease in this setting.

There are certain are problems with leaky matching and

intrapulmonary shunting, but this is also a disease that not

uncommonly is associated with severe pulmonary hypertension,

and the other cause of hypoxemia, that extrapulmonary right-

to-left shunt at the ductus and foreman.

Pulmonary hypoplasia can occur by external

compression of the lung association with oligohydramnios.

Perhaps renal disease and poor urine output is one cause, or

amniotic fluid leak. There is high risk for air leak in

pulmonary hypertension in this setting.

This is an example of baby with clear lung, but a

small lung volume radiographically. Again, these patients

often have pulmonary hypertension complicating their course.

In general, diaphragmatic hernia occurs in about 1

in 4,000 births, It is the most common on the left side.

It is caused by herniation of the abdominal contents through

post-suralateral (?) diaphragmatic defect. The worse cases

are associated with compression.

,..
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In hypoplasia both the psilolateral and

contralateral lung is often associated with severe pulmonary

hypertension. Mortality remains high in this disease

despite numerous interventions.

This an example of a baby with a diaphragmatic

hernia compressing only the left, and potentially

compromising the right lung as well.

Idiopathic PPHN is characterized by supra systemic

pulmonary vascular resistance causing right-to-left shunting

of the foreman ovale and/or the ductus arteriosus. It is

not associated with other lung or systemic diseases. Again,

it is characterized by clear lung fields on chest x-rays.

Now this is a disease which is associated with

profound hypoxemia, but with little parenchymal lung

disease. In this setting the extrapulmonary right-to-left

shunting of the ductus and the foramen causes this baby’s

hypoxemia. One would expect that a selective pulmonary

vasodilator would, by just dropping pulmonary vascular

resistance and removing those extrapulmonary right-to-

shunts, dramatically increase oxygenation.

Indeed, clinically many people have had that

experience; have seen quite dramatic responses to selective

pulmonary vasodilation with inhaled NO. Again, this

represents a relatively small subset of the patients we

treat. This is the only population that was treated with

. ,,.
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inhaled nitric oxide. We see striking differences between

them with a small number of patients.

The problem is we much more commonly see babies

like this, who have severe lung disease, which complicates

the course. In this setting, with air space disease, in

this case associated with pneumonia, and inhalational

dilator might not be expected to be quite as effective.

This baby certainly can have pulmonary hypertension.

Again, we can’t just consider the pulmonary

vascular component. It’s a more complicated problem than

that . Certainly babies have maladaptation or arterial

muscularization or hypoplasia, causing the pulmonary

vascular component to be critically important when

evaluating the disease, but they also have lung disease that

more frequently complicated the course associated with

meconium aspiration or pneumonia or surfactant deficiency

and RDS.

Again, compromised cardiac performance can occur

with hypoxic ischemic injury, electrolyte abnormalities,

sepsis, and RV pressure overload. It’s the interaction of

all of these therapies that makes this a challenging disease

to manage.

As Dr. Zapol showed this morning, there was some

early experience that the acute response to inhaled nitric

oxide and more prolonged exposure to NO. It is important to

. . .,. .
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point out though that in this set of patients we had tried

to optimize lung inflation with other interventions, in

particular a different kind of ventilator device, the high

frequency oscillatory ventilator, which is used to help

recruit and sustain lung volume without the potential injury

caused by large vaso pressure changes on tidal volume

conventional ventilation.

After having done all of those things and trying

to optimize lung recruitment, we then added the nitric oxide

and saw consistent and sustained responses.

Let me show you a couple of examples, because I

think what I’ve been asked to do is to talk about the

physiology of this problem. I’m going to show the

application of different therapies, including high frequency

oscillation.

This is a baby with a diaphragmatic hernia. High

frequency oscillation, which is used to recruit this lung;

make it look more like that. Then inhaled nitric oxide is

used specifically to cause selective pulmonary vasodilation.

There are going to be some examples, but I think it helps

teach us about the nature of the pathophysiology of each

individual patient.

This shows the changes in POZ in that baby on

conventional ventilation in the previous slide, with a

poorly inflated right lung. Now this baby already has a
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very small left lung, and a small cross-sectional area of

lung, across which right ventricular output will flow. so

some measure of a fixed high PVR, on top of that reactive

pulmonary hypertension which causes hypoxemia by the right-

to-left extrapulmonary shunting. Certainly, this baby has

some measure of intrapulmonary shunting as well.

The baby was treated with nitric oxide, so the

transient increase in POZ, which was not sustained on

conventional ventilation. We then switched to high

.*

-)./...

frequency oscillation, the goal again being to recruit that

atylacatic(?) lung. That treatment by itself showed no

improvement in oxygenation, but we did do a better job of

inflating the lung.

After having done that, we again gave a trial of

that inhaled vasodilator assuming that now with a better

lung inflation, that inhalational dilator might be more

effective, and indeed, that’s just what we saw. After a

brief period of high frequency oscillation recruiting the

lung, adding the nitric oxide back, we saw a marked and

sustained improvement in oxygenation.

So what we are trying to do, at least with trying

to understand the underlying physiology in these patients is

say we have two important factors that contribute to

hypoxemia, the lung disease, causing intrapulmonary

shunting, and the extrapulmonary right-to-left shunt

,. ,.
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associated with pulmonary hypertension.

As tools one used to recruit and sustain the lung,

and the other used to cause selective pulmonary

vasodilation, we were able in some of these cases to tease

out the relative contribution of the pulmonary hypertension

and the lung disease.

Another example is a baby with severe parenchymal

lung disease before and after treatment with high frequency

oscillation. Now there are other therapies, other

ventilator devices or strategies that might have the same

effect . We have experience with this particular device, and

that’s why I’m showing its effect, because it seems to be

quite effective in inflating the lung that is very stiff on

conventional ventilation. It offers us the opportunity to

change the nature of the underlying lung disease as we

assess the response to different interventions.

This shows this baby’s response to different

interventions . This baby had a right-to-left ductus

arteriosus shunt. The pulmonary vascular resistance is

supra systemic. The POZ is about 20. We treated this baby

with nitric oxide and in this setting actually pulmonary

vascular resistance fell and the ductus reversed its

direction and it was now left-to-right.

In other words, that extrapulmonary component went

away. The nitric oxide did exactly what we asked it to do.

,.
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PDR, but now we have POZ of 40 without an

shunt . What it did was unmasked the severity

of the underlying lung disease in this particular case.

Recognizing then that this is predominant parenchymal lung

disease and intrapulmonary shunting giving us a POZ of 40

and 100 percent inspired oxygen, then we addressed the

underlying lung disease with high frequency oscillation and

with that alone saw continued improvement in POZ.

So the interaction of these things, the pulmonary

hypertension and the parenchymal lung disease is vital to

understanding the role of these new therapies.

We then used that early experience to ask a study,

and this wasn’t a placebo controlled trial or one that was

designed or powered to look at the reduction of ECMO. What

we wanted to do was learn more about this disease of PPHN

and hypoxemic respiratory failure, and how these new

therapies might be applied.

We sought to determine the ability to sustain

oxygenation in babies with severe PPHN. We defined that by

echocardiagraphic evidence of extrapulmonary right-to-left

shunting. Look at their response to inhaled nitric oxide as

a selective pulmonary vasodilator on conventional

ventilation, the ventilation strategy they were on.

We randomized these patients after stratifying

them into different categories -- meconium aspiration or RDS

*
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-- to either getting inhaled nitric oxide added to the

conventional ventilator, or switching to high frequency

oscillation.

Babies who failed treatment with either one of

these would be offered the other treatment, and failing

both, we combined them reasoning that in some patients who

had both lung disease and pulmonary hypertension, the

combination of the therapy designed to inflate the lung, and

the therapy designed to selectively drop their PVR, we might

see added benefit.

We had 205 patients in this study. It was a

multi-center trial with term babies; 39 went to gestation at

3 kilos who were quite severely ill. The oxygenation index

was 48. Other values an AE(?) ratio of 0.06, a POZ of 42

and 100 percent oxygen. So these obviously were quite sick

babies .

Now this slide just shows the initial

randomization. The babies in each category were randomized

within that category. We meant to ask the question, what

percentage of those babies given one intervention, would

respond? That is, they would recover without the need for

cardiopulmonary bypass.

Now many of these patients failed that initial

assignment and were crossed over to the other therapy. This

just shows their response to initial assignment. What
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really I think jumps out at you in this slide is that

without significant parenchymal lung disease, they had a

very different response to inhaled nitric oxide compared to

treatment with high frequency oscillation, a much higher

response rate.

These are small numbers. It wasn’t hard to find a

difference. There isn’t one there, but the trend you can

see might be very different depending on what the underlying

lung disease is. In some patients with severe parenchymal

lung disease their response might be better to high

frequency oscillation than selective pulmonary vasodilation.

So we can’t lump all of these babies together and

say a newborn is a newborn. We have to think about the

underlying pathophysiology, because indeed the physiology

matters.

This is a different take on it. This is a group

of babies who were treated initially with conventional

ventilation and had nitric oxide added. It shows their POZ

over two hours. These are babies who did not have a

sustained improvement and failed that therapy. They then

crossed to the alternative therapy, which was high frequency

oscillation; on average a slight increase that wasn’t

sustained.

Then going back to the baseline, we took this

response and added nitric oxide to it. This was the mean
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response of babies failing both of those interventions,

showing a progressive improvement, and interaction between

the lung recruitment therapy and a selective pulmonary

vasodilator.

This summarizes the results of that trial. Again

for meconium aspiration, respiratory distress syndrome, and

patients without significant parenchymal lung disease. In

this setting the combination of these therapies, one, is

doing something very different than pulmonary vasodilation,

trying to recruit and sustain lung volume. A far greater

percentage of responders are both meconium aspiration and

RDS than either intervention alone.

Now it’s important to recognize that these are

babies who failed both of the other therapies. Combining

them has a higher response rate nonetheless than the

individual treatments alone. In patients without

significant parenchymal lung disease the response rate to

high frequency was quite low. The response rate to nitric

oxide during conventional ventilation was significantly

better. Treating with high frequency oscillation and nitric

oxide wasn’t any better than INO alone in that group.

So there are multiple pathophysiologic processes

that contribute to hypoxemia in the newborn. Therapies must

target the specific underlying disease process. PPHN can

complicate all of the respiratory diseases caused by
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hypoxemic respiratory failure.

It is interesting that if one just looks at that

subset of patients with parenchymal lung disease, but has

this problem fairly unique in the newborn, with open ductus

arteriosus and foramen ovale, passages that cross with blood

can cross right-to-left, causing venal arterial mixtures

with supra systemic PVR. Dropping that pulmonary vascular

resistance even slightly can cause a dramatic improvement in

oxygenation.

It gets a little more complicated when you begin

to look at the other diseases that contribute to lung

disease in newborns.

So low dose inhaled nitric oxide causes sustained

pulmonary vasodilation, but the efficacy may be limited by

ineffective delivery, for example severe lung disease and

underinflation, and certainly compromised cardiac

performance adds another wrinkle to the equation, which

makes this a complicated problem.

I will end by saying that in patients with lung

disease and PPHN lung recruitment strategies augment the

response to this inhalational vasodilator.

1’11 stop there.

[Applause.]

DR. CLARK: My name is Reese Clark, and I’m a

neonatalogist at Duke University Medical Center in Durham,
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North Carolina. My task this morning is to discuss some of

the other therapies. Originally I had planned to talk a

little bit about lung recruitment, but as John and I

discussed these presentations, that fed in much better with

his presentation to try to dissect the pathophysiology. so

1’11 focus primarily on the randomized controlled trials

that have been done in this subset of patients, as well as

discussing the issues

of these patients.

There are a

of ECMO and its role in the management

whole host of therapies that are

involved in caring for these critically ill infants that are

referred to our institutions for a variety of different

supports. Mechanical ventilation is rapidly evolving. Just

five years ago most of us were not using this type of

control devices in the neonatal unit, because we didn’t have

the technology to really sense and deliver a synchronized

breath. Over the past five years most institutions are

using this relatively commonly.

High frequency ventilation is delivered in a

variety of different modes -- high frequency jet

ventilation, oscillation, and flow interruption are all

different techniques that can applied to these patients.

In addition to different modes of assisted

ventilation, we have access to a variety of different drugs

and other rescue tools. Surfactant has been used in a

4.
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randomized fashion, and we’ll talk about its use as a rescue

tool after respiratory failure, as well as established.

There is a small study looking at surfactant as a

prophylactic tool to try to prevent the evolution of lung

disease in these critically ill patients, especially with

meconium aspiration syndrome. There is a emerging trial

looking at KL4 as a method of surfactant lavage to remove

some of the meconium.

Alkalosis has been used. It has fallen out of

favor as a result of the issues that go along with decreased

cerebral blood flow, as well as how you get the alkalosis,

whether you infuse carbonate, or make a patient alkalotic by

driving their COZ down. There are consequences to those

therapies.

Vasopressors to support craic(?) output are

important . We’ll hear a lot about nitric oxide.

Intratracheal pulmonary ventilation, where gas is actually

delivered to the trachea to try to reduce dead space

ventilation and improve ventilation at lower tidal volume

deliver.

Liquid ventilation is still out there and is again

preparing to be studied in a randomized controlled trial.

If all of these things fail, then we are offering

ECMO . How ECMO is offered in the United States will be the

topic of the next group of slides, and can be done in a

.
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variety of different methods. The goal of each of these

therapies really is to optimize oxygen delivery. That is

not equivalent to changes in POZ, but reflects delivery of

that oxygen by hemoglobin and cardiac output to tissue.

Carbon dioxide removal is equally important. In

the process of managing these babies, our goal is to avoid

propagation of lung injury and promote normal recovery. It

is critically important to realize that in the newborn we

have a tremendous opportunity, because most of these

patients will get better over a five

not cause irreversible lung injury.

multi-system failures that we see in

in the newborn.

to six period if we do

The complications of

ARDS are not as common

As John has very clearly outlined, targeting the

therapies is critically important as we manage these

neonates that have very diverse types of illnesses. We must

identify the primary pathophysiology, and this can be quite

difficult, and can take some time to sort out.

As we are sorting out these underlying problems,

we are assessing therapeutic interventions that help us

identify the underlying pathophysiology. Waiting for that

response can delay the initiation of the definitive therapy.

Obviously, if we delay the definitive therapy too long,

efficacy, like immunizations is not as good.

If we consider that we target the pathophysiology

s



118

and try to reverse the underlying problems, and we recognize

synergistic effects, then we can find that there are

therapies that would allow us to offer excellent care these

patients.

Nitric oxide is primarily targeted to opening

vessels and improvement ventilation profusion matching.

Surfactant, high frequency, prone positioning, and a variety

of other things have been targeted at improving lung

inflation, and avoiding volume trauma if you will, large

tidal volume breaths.

To further kind of detail my schematic of how I

. “)
approach these patients, is the primary pathophysiology is

_-

atelectasis. These therapies might be helpful. Lung

maturity we have certainly seen in randomized controlled

trials that surfactant in a premature baby, improves gas

exchange and outcome. High frequency ventilation has also

been studied in these premature babies, and appears to have

an effect.

If the problem is gas trapping, then we have to

use a different approach to ventilation and begin to slow

the rate down, shorten the inventory(?) time and allow for

adequate gas exit from the lung.

Pulmonary vasodilators are targeted at improving

...
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pulmonary vascular resistance, and cardiotonic agents

improve cardiac function. Antibiotics help us with

,.
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infection.

So with the concept that there are many therapies

out there vying for the management of these babies, let’s

look at the N therapy, and ask the question, is that therapy

a beneficial therapy in neonates with critically hypoxemia?

First of all, let’s orient to what ECMO is. There

are two different forms that are commonly employed. This is

the veno-arterial where the carotid artery is ligated and

blood is returned to this site. The jugular vein acts as

the drainage site where blood is pumped outside of the

baby’s body, oxygenated in the membrane lung, rewarmed, and

then redelivered to the carotid artery.

Over the last five years there has been an

increased use in newborns of double lumen cannula, where the

blood is both suctioned out and returned to the right atrium

with a veno-venous cannula. This obviously decreases the

need for carotid ligation, which most of us believe is

important .

This is just a picture, to give you a sense of how

this is done, and to impress upon you that obviously these

cannulas, and positioning these cannulas is critically

important, and obviously when those cannulas get disturbed

or positioned in the wrong way, that is a life threatening

event .

How often is ECMO used in this country? There are

*
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111 centers that report data to the ELSO registry on

standardized data collection sheets. Since 1986, there have

been about 13,000 babies that have been reported to this

registry. The average time on ECMO is about 135 hours. If

we take the diaphragmatic hernia patients out, it comes

closer to more like 100 hours.

Overall survival rate in these patients is 79

percent. If we look at patients without congenital

diaphragmatic hernia, the overall survival is about 86

percent. Despite more and more interest in ECMO, about only

25 percent of the patients are treated with this particular

mode of therapy.

The diagnostic categories have changed over the

last several years as we look at epidemiology of patients

treated with ECMO. So that if we look at the number of

babies that are defined with RDS, that number is shrinking,

in my mind most likely due to the introduction of

surfactant .

The number of meconium aspiration syndrome

patients that make up the relative mix has also appeared to

have decreased some. The PPHN group is still out there, and

the diaphragmatic hernia is making up a larger and larger

percent of the total patients. This is important as we look

at the outcome of these babies over time, because obviously

if you have more of your mix being congenital diaphragmatic

J
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hernia, you can imagine that the mortality statistics of

patients treated with ECMO would increase, because the

rescuable nature of that disease is different.

As Dr. Zapol suggested, the need for ECMO is being

reduced. The 1997 data may not all be reported yet, but the

overall trend is a decreased utilization of ECMO in the

United States.

The survival rate is very diagnostic-specific,

with most institutions taking care of meconium aspiration

syndrome having a success rate close to 96 percent. RDS

drops down some, and obviously the worse survival is in

patients who have congenital diaphragmatic hernia.

If we look at the outcomes of babies over the

couple of years and ask are we doing better in the patients

with ECMO, or are our numbers changing if we look at overall.

mortality, there is an increasing mortality, but when you

correct it for the number of patients who have

hernia, and look at just the non-diaphragmatic

patients, the trend is not as striking.

diaphragmatic

hernia

If we look at chronic lung disease as defined as

oxygen needed at 30 days, the rate is pretty flat. The

occurrence of intracranial hemorrhage being about 12-15

percent. It continues to be pretty stable.

Well, if we are using this in this country, what

are the data to suggest that this therapy actually saves

*
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and promotes normal outcome? I think the best data on

actually come out of the United Kingdom in a large

.-’)_——.

multi-center trial, although there were two trials done in

the United States prior to this trial which pretty much

showed that it was effective, and we will go with this large

trial .

Between 1993 and 1995, 185 patients from 55

centers enrolled in this randomized controlled trial. The

gestational age had to be greater than or equal to 35 weeks,

greater than 2 kilos. As John suggested, they had to have

severe respiratory failure as defined by an oxygenation

index greater than or equal to 4.

The patients who were randomized to ECMO were

transported to five ECMO centers. The non-ECMO patients

stayed at the original center, and received conventional

management at that center.

The alternative therapies that were available in

this study, surfactant was used about 37 percent of the

time. High frequency and nitric oxide were used about 20

percent of the time in this trial. We will look at some of

these uses in other studies as go through here. The

important aspect is, as you might imagine, there was some

imbalance in the use of these therapies, though they weren

statistically different with the control limb more often

‘“-)
receiving the alternate therapies.
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Recruitment was stopped in 1995 by the steering

on advice of an independent data monitoring

based on the results that are reported here.

Survival or the death rate of patients assigned to ECMO was

32 percent as compared to 54 percent in patients who

received conventional management.

There just appeared the one year follow-up data.

1’11 kind of update this, but basically

up data was published in the electronic

last week verifies this slide, which is

the one year follow-

pages of Pediatrics

that survival

.-)
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applied irrespective of primary diagnosis, disease severity,

or type of referral center. Survival without disability at

one year was also better in patients treated with ECMO.

Said a different way, the number of handicapped

children showing up at one year of age in the survivors was

no different between the two groups, but there were a whole

lot more survivors in the ECMO group. So the number of

patients showing up well and healthy in patients who were

offered ECMO compared to conventional management.

These are the diagnostic-specific outcomes showing

that in each of the diagnostic categories, ECMO showed a

dramatic improvement in the survival rates, so that

independent of the underlying diagnosis ECMO is beneficial

at promoting intact one year survival.

Now there has been the question raised as to

*
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whether ECMO has been adequately studied in the United

States. 1111 show this slide for dramatic effect. This

appeared in The Boston Globe in August 1989 after Dr.

O’Rouke(?) had completed a trial in the United States

looking at ECMO. This is considered by most of us to be the

defining study that ECMO is actually beneficial, and led to

the more widespread and careful use of that process.

It reminds us that the public is very interested

in these types of issues, and that we can, looking at

mortality endpoints in newborns, get into situations where

we are faulted for limiting life saving treatments.

So why should we avoid ECMO? If ECMO is a life

saving therapy that promotes survival, what should make us

want to avoid this therapy? Well, still we’re only looking

at a 25 percent utilization rate for baby ECMO. That means

that the carotid artery is ligated. I think that the long-

term consequence of carotid artery ligation are yet to be

known, because ECMO survivors are still young, and we know

that as they grow older, we have not hurt these patients in

any way is not clear.

In fact, there was some data presented in the ECMO

meetings that suggest that the long-term follow-up needs to

go on for years and years before we can certain that these

children are actually doing perfectly well.

Exposure to twice the neonates total blood volume
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increases the risk of transmission of hepatitis and HIV and

a lot of these other diseases that we are probably yet to

know. Certainly the bleeding and infection risks are very

real and common in these babies.

These are the mechanical complications and the

frequency as reported to the ELSO registry. It gives you a

sense that these problems are not infrequency. Obviously

clots in the circuit here can be life threatening issues.

If we look at the occurrence of bad things in the

patients, infarcts(?) and bleeding in the brain, which in

part be related to what happens to the baby before they get

to ECMO. Again, delaying ECMO until the time that the

patient actually has a life threatening event may increase

the risk, or certainly does in retrospective analysis.

There is a very real potential for injury in all of these

particular areas, including renal dysfunction.

If we look at the yearly cost of an ECMO program

as estimated in the most recent text on ECMO, it’s about

$300,000 a year to run that. The estimated cost per

neonatal patient is about $20,000.

Dr. Adler has provided me with some data from

Atlanta looking at the approximated cost saving per year

over the last three years at his institution by using nitric

oxide, at an estimated cost savings of about $90,000 per

year, while his delivery service has gone up by from $8,500

. .
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to $12,500. His ECMO, the full rate has gone from 7

patients on average per year to about 3 patients per year.

I’m certain that there are other therapies that

they have introduced that have helped with this group, but

certainly there is probably a cost saving that can be

occurred if you less than invasive tools.

Well, what other trials are there in this group of

patients, and what endpoints have they looked at? Without

exception, randomized control trials in this group of

patients with severe respiratory failure at term has looked

at ECMO as their primary outcome measure, or the avoidance

of ECMO, more precisely stated.

This is a randomized controlled trial. It took

several years to complete. There were 44 sites. This is

randomized trial, and I wanted to impress upon you 44 sites

over a 3 year period. They had 328 patients that met these

criteria. So trying to get an earlier treatment to these

patients who aren’t as critically ill as actually needing

ECMO .

There were no differences in the complication

rates in the surfactant treated compared to control infants

or airway or chronic lung disease, severe intracranial

hemorrhage were similar in both groups.

The patients who were treated with surfactant less

often needed ECMO than those treated with the placebo at 29
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versus 40 percent.

Again, to bring out the issue that it is the

diagnosis or the underlying pathophysiology which determines

the most benefit, the patients who appeared in this post

hoc(?) analysis to derive the most benefit from this

intervention, were patients with meconium aspiration

syndrome. Patients with PPHN were not as likely to benefit.

In fact, there was no evidence of benefit for those

patients. This is the group of patients that John talks

about as probably most likely to benefit from inhaled nitric

oxide.

There is a much smaller randomized controlled

trial looking at surfactant as a prophylactic to prevent the

evolution of meconium aspiration syndrome. It was done by

Dr. Findlay. This is a randomized, single center study that

involved 40 patients. There were trying to treat patients

within the first six hours of life, and surfactant was given

over a 20 minute period through a side forty(?) hatcher.

Again, there appears to be a benefit. This trial

is woefully underpowered to look at any safety issues, but

they did begin to suggest that with regard to things like

need for ECMO and hospital days, that there

beneficial effect.

Now we have tried to get interest

might be a

in reproducing

this trial. Most of the neonatalogists in the country feel

+
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like the surfactant has been shown adequately based on these

data to be used in all patients, and we have not been

successful in mobilizing any interest in a randomized

controlled trial of prophylactic surfactant. A surfactant

wide trial is being organized by Dr. Tom Luzeral (?) .

This is just a summary of the different data that

are out there, using in randomized controlled trial fashion

the avoidance of ECMO. This is the prophylactic trial that

we just went over. This is the term infant trial. These

are the neonates you will see in greater detail. This is

Dr. Robert’s data, you will also see in detail, percent need

for ECMO control versus treatment. You can see an effect in

each of these.

So that our issues with regard to things like high

frequency ventilation and surfactant and other modes of

ventilation, there is a question now from us as to which

therapy do we use when, and which one should be targeted at

which particular disease state. I think identifying the

underlying pathophysiology is a key to that endeavor.

To give just a scent of how often these alternate

therapies are used in the United States, the NINOS trial,

high frequency ventilation was used in 55 percent of the

patients; 71 percent of the patients received surfactant;

and 10 percent of the patients received neither one of these

therapies.
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I want to conclude with a group of slides talking

about where are we headed with this issue, and what kinds of

things are realistic to try to state. Just to remind you,

the NINOS study showed an impressive difference in the need

for ECMO among patients who were offered nitric oxide as

....
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compared to control. The combined endpoint of death by 420

days or need for ECMO was also highly statistically

different.

So we can ask the question is mortality lower in

nitric oxide? The point estimates would suggest yes, from

this large trial, but it’s not statistically different, and

the P value is 0.6. So there is a 60 percent change that

this difference is purely random.

I asked our statisticians to go back and define

how many patients we actually needed to prove that the

mortality improvement seen with nitric oxide was real. This

is the estimated number of patients that would be needed for

that particular trial.

I think the second question that we have asked in

the ARDS model and has to be asked in the neonatal is how

many of these deaths could actually be assumed to

recoverable if we had a perfect pulmonary vasodilator that

would allow the lung to open. In other words is the

surrogate marker attached to the treatment or are they

unrelated to each other?

*
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If we look at the Eckelson(?) data between 1991

and 1998 -- this is the ECMO program I ran down in Emery, we

had 150 patients that were neonates; 27 of these babies

died. If we look at diagnosis-specific survival rates, the

meconium aspiration, 96 percent survival; only 4 percent

died. Most of the patients that were dying were actually

patients with diaphragmatic hernia.

If we look at the causes of death that were

reported in the charts, these are the causes of death:

congenital diaphragmatic hernia; severe brain injury;

multiple organ failure; congenital heart disease; lung

hypoplasia; and adeno virus; alveolar capillary dysplasia,

which even though it responds to initially to nitric oxide,

at least in the reported data to date, it looks almost

uniformly fatal.

Diaphragmatic hernia, the randomized controlled

trial in that, the patients did not show a benefit to the

early use of nitric oxide in the those groups of babies that

was reported by Dr. Conrad(?) at the neonatal network. SO

that our recoverability or the prevention of death in this

group of babies is not likely to be dramatically improved.

So that if you use ECMO as a rescue tool, it evens

the playing field for any therapy that is used prior to

ECMO, unless that therapy delays the institution of ECMO to

a point that the patient is no longer recoverable. From my
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both of the speakers, Dr. Kinsella and Dr. Clark. Let me in

doing so, ask the committee specifically to ask questions

about pathophysiol.ogy, and about the use of ECMO. Let me

ask the committee to reserve until after the lunch break, a

discussion about Dr. Clark’s position on ECMO as a surrogate

marker for outcome. I ask the committee not to talk about

that now. Talk about it after the break.

DR. RODEN: Those were two really excellent talks

that helped me put things into perspective. The talks

raised a couple of questions in my mind which some of the

comments before the break also raised. I would just like to

have some discussion from someone who knows something about

the issue of subsets.

We heard this morning that inhaled nitric oxide

may be a longer therapy for specific subsets -- the donor

transplant group, the lung transplant group. You have the

data in the kids that there may be subset-specific responses

to disease.

I’m an arrhythmia doctor. I think that if someone

came to the agency and said I have a drug to treat

arrhythmia, the agency would laugh at them, and would want

to say, which kind of arrhythmia. So I think you may be in

the same position.

You have identified specific subsets of patients

in whom there would be a dramatic readily ascertainable
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response to nitric oxide. I’d like you to talk about those.

I was particularly intrigued by the lung

transplant. It sounded like it ought to be pretty

straightforward to me. I have a single site study in at

Washington University in lung transplant, and answer this

question.

DR. CLARK: The answer to your question is that

clearly the subset analyses and some of these analyses have

been done post hoc, but over and over again the trend is

that the group of patients who clearly benefit the most with

nitric oxide are those with relatively minimal lung disease,

but profound pulmonary vascular constriction. They have the

most physiologic response. They have the least need for

ECMOS and alternate therapy.

They seem to be least responders to other things

like surfactants and high frequency ventilation. The

problem is that the number of those patients is relatively

small when compared to meconium aspiration syndrome or

diaphragmatic hernias. So mounting a study that would just

look at that group of patients would again, be a very

difficult study to do, because the numbers are so small.

DR. GOLDSMITH: Part of the problem is that the

only have the subsets by diagnosis, and we don’t have by run

biopsy until autopsy, if that occurs. If you look at it was

Walsh-Sukys who originally made some of the pathophysiologic

4
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distinctions of looking at the group of babies with PPHN,

one with a normal number and structure of their pulmonary

arteries, and the other with an abnormal number.

Of that group, the ones with the normal numbers,

some of them have vascular remodeling. We don’t know that

when we start. Some of the have probably some inequality

between vasodilators and vasoconstrictors, and we don’t know

which one was quite there.

We can take a look at the clinical diagnosis.

Like for example in meconium aspirations that we do very

well with, with ECMO, it may be more of a vascular

remodeling problem from the in utero subclinical hypoxia

over days more than the aspiration problem itself.

So generally, we are finding that INO is given the

whole group, with probably the one caveat that we don’t have

good statistics on in terms congenital diaphragmatic hernia.

Some of these represent an imbalance between

vasoconstrictors and vasodilators, and hoping that there is

not a lot of vascular remodeling.

DR. LINDENFELD: Can you tell me how can you use

an oxygenation index as part of your outcome, and is there a

linear correlation with that and outcome?

DR. CLARK: The oxygenation index, there was a

whole tremendous group of papers that came out in the late

1980s that questioned the use of that particular number as a

#
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way to deciding the exact amount, and that was used to look

at mortality rates.

But even in the best situation, mortality rates

associated with the patient and pulmonary hypertension and

an oxygenation index of greater than 45, more than 50

percent of those kids are going to die. Yes, it wasn’t 80

percent mortality is what Dr. Bartlett had suggested; it was

still high.

Is the oxygenation index an adequate surrogate

marker for a bad outcome? Probably not. The oxygenation

index as the only thing that goes into deciding who needs

ECMO and that’s absolutely not true. In fact, if you look

at the registry, there are a lot of other reasons patients

are placed on ECMO. One of the more common ones is failure

of maximal medical therapy. This gets to the issue that

we’re going to discuss after lunch, so 1’11 stop there,

which is how do you decide somebody needs ECMO.

DR. LINDENFELD: Another question I had we talked

a little bit before about inhaled nitric oxide providing

blood flow to well ventilated sections. Does it actually do

that by taking blood flow away from other sections, or does

it increase total blood flow?

I guess the second question, if decreases blood

flow to poorly ventilated sections, is there a consequence

to that?
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DR. KINSELLA: Well, that would also depend on

what overall pulmonary vascular resistance is. In a newborn

there might even be bypass of the lung. Simply dropping

pulmonary vascular resistance would have both effects. We

think that at low doses we have a micro selective effect in

the lung that Dr. Zapol spoke about, but overall pulmonary

vasodilation should increase blood to the lungs by reducing

that .

If that is case, then you are selectively

directing flow to better ventilated units, then overall the

fraction of right ventricular openings passing through

unventilated segments is relatively lower. So I guess it

would have both effects.

DR. LINDENFELD: Just in the ARDS, where an issue

of stealing is perhaps a horrible thing. I wonder if don’t

have a model to present a consequence to that? In other

words, it’s taking blood flow away from the poorer

ventilated section results in --

DR. KINSELLA: Results in what?

DR. LINDENFELD: Let me just correct my language.

If you steal blood from a better ventilated section and the

total blood flow is not increased, and you lower to poorer

ventilated sections?

DR. CLARK: There are several basic experiments in

neonates that would suggest that it’s probably not true.

,,.. ,,--
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John’s own data would suggest an overall lung benefit from

using nitric oxide in a disease process where there is

different pulmonary vascular resistances. It doesn’t appear

to be where you have blood being pulled away from certain

areas of the lung and that causing injury.

In fact, ECMO is probably another experiment in

that regard. If go on VA ECMO and you pull a nice(?) one

out of the right side of the heart, then you have dropped

pulmonary artery flow to that lung, and that doesn’t appear
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to cause

thing of

say that

lung injury.

DR. LIPICKY: I would like to just pursue the

how you make the decision to go to ECMO. Let me

I would provide you with my expert opinion that

this baby has trouble with oxygenation, but I could deny you

any knowledge of what the level of POZ is, and I would not

allow you to look at the baby’s skin color or the color of

the blood. Would you be able to make a decision with

respect to whether or not you place the baby on ECMO?

DR. CLARK: I think that the reality is that when

you ask me how I decide, I would decide how much lung injury

is there. I would look at the clinical course that the

child has been through, and how old is the child. Do I know

how much oxygen is -- 1 don’t know that either probably.

His point is that without knowing what the

oxygenation is, you can’t really make a decision about

*
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whether a patient should go on ECMO.

DR. LIPICKY: I was just trying to find out

whether that’s true or not, because I would suggest that you

can. That it’s nothing more than a measure of POZ.

Therefore, it doesn’t mean anything unless you measure POZ.

DR. PACKER: I thought I heard -- just maybe I

heard a misstatement -- that we were going to have a

discussion after lunch on whether a patient should go on

ECMO . Is that correct?

DR. CLARK: Yes .

DR. PACKER: Since it seems to be somehow formally

developed into the program, maybe it would be a good idea to

hold that, because otherwise we’re going to be discussing

something with necessarily having heard all of the data that

pertains to it.

DR. THOMDONI: You mentioned that W ECMO is not

compared carotid ligation. Is it because it’s difficult to

do, or it is taking time to accept? Because one of the

things you are emphasizing is the carotid ligation might be

bad for you in the long run, but in a baby that doesn’t pose

a problem. You can even save a child’s life for $20,000;

that’s not too much price to pay when we spend so much time

on terminal illnesses at the end of life.

How can you deny that you can save a life with a

procedure which is so simple? So can you give me some idea

*
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really why it’s not popular? Is it technically difficult?

DR. CLARK: First, let me agree with you that the

cost piece is the last thing that we really need to worry a

whole lot about, unless we can show all the other things are

equally -- that the outcome is equal. Then cost does become

an issue.

The issue of W ECMO, I can’t explain that. I can

tell you that at Emery University where we were running the

ECMO program there, that 90 percent of the patients we

treated were treated with W ECMO. A lot of this is an

educational piece, and while there has been an increase in

the use of W ECMO, it is an order of magnitude more

difficult to manage because of the gas exchange differences.

So the ECMO community is clearly trying to change

that, and there are probably people here who can address

that probably even better than myself.

DR. THOMDONI: I think that’s a very valid issue.

Another issue is to my knowledge with the British study ECMO

definitely saves lives. How one could deny that -- the

patient needs that, he needs it. How can you withhold it

even for a day or two? The question is in the count you are

showing, how many people have actually died because of the

lack of application of ECMO early on?

DR. PACKER: Let’s hold the question, because we

can’t address that until we discuss the studies in the
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context that we would interpret --

DR. KINSELLA: I just want to address that for a

second, because I think that’s it probably inappropriate for

us to look at these data to say, it seems like a good idea

and venous ECMO is probably the way to go. That’s not the

purpose of this meeting. The reality is as fewer patients

are treated with ECMO in this country, the onset of other

kinds of approaches that might be technically more difficult

are much less likely to happen.

That’s really not the point. What we presented

was what we did. I think that’s important.

DR. THOMDONI: Does this mean more patients are

dying because you are not doing that?

DR. KINSELLA: I don’t think we have any evidence

of that.

DR. MARIN: Rick Marin. I’m chief of pediatrics

at State University in New York and Children’s Hospital. I

have a comment that relates to the question of decreasing

blood flow and steal and injury to the lung. The minute

before birth the blood flow to the lung is increased by 90

percent from what it is the minute after birth. This points

out a basic fact. Children are not little adults.

That statement is obvious to everybody in the

audience who is a pediatrician and takes care of children,

because it is a fact on which the specialty of pediatrics is
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filled. It is very important to consider when you are

looking at the effect of the pharmacologic agent in the

neonate.

The human neonate responds to pharmacologic agents

more like the neonate of other species than it does like the

adult human. Two good examples of that is surfactant

therapy. The neonate with respiratory distress syndrome

responds dramatically with increase of POZ and increase in

survival with surfactant. Adult with respiratory distress

syndrome does not.

In a neonate with respiratory failure has an

improvement in survival with ECMO, the adult does not. It

is unlikely that the response to inhaled nitric oxide by a

neonate with isolated failure of the lung, and whose only or

a major of pathophysiology is lung failure is pulmonary

vasospasm, his response is not likely to look much at all

like that of the adult with

lung failure of those

pathophysiology.

The FDA has

regulations rewarding

multi

multi-organ failure, and whose

organs is only a small part of

either recently promulgated

pharmaceutical companies for testing

established drugs on children, and requiring them to test

new drugs on children for approval. They have done this

because of the recognition that it is hazardous to

extrapolate toxic or therapeutic effects from the adult to

*
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the newborn. Children are not little adults.

[Applause.]

DR. PINA: For my own education, how does high

frequency oscillatory ventilation recruit other areas of the

lung, and could you give us a brief explanation? It seems

like that is becoming more often used. I got the gist from

the presentation that you felt that that had impacted

significantly on a lot of these children.

DR. KINSELLA: It doesn’t do anything by itself.

There is nothing magical about this device. The idea is

that by using an appropriate recruit in pressure, and by

that I mean a mean airway pressure. The big difference

between that device and a breath is that a lung can be

recruited with a high mean airway pressure without the

increase in peak pressure and large basic volume change that

we believe injures the lung. That has been demonstrated now

for some time in various animal models, and that’s pretty

convincing.

That is only effective though if one recognizes

that the recruitable lung volume appreciates. What happens

on a pressure volume history is this curve, it uses the

device to begin to open the lung up. So it is as much

technique and strength as it is the device. Don’t get me

wrong. There are other devices and strategies and other

kinds of approaches that might do the same.

8
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The point of it is it’s something we have used to

recruit the lung, and using that as tool, combining that

with selective pulmonary vasodilation helps us understand

the underlying disease.

DR. PACKER: We only have time for one more

comment, but before doing that I guess I just want to

clarify, it isn’t clear from the schedule when the issue of

indications for ECMO were going to be discussed. There is

no separate presentation on that. Did you say it was

scheduled for this afternoon?

DR. CLARK: No, I thought you said you were going

the raise question.

DR. PACKER: Okay, fine. That’s terrific. We’ll

take one more question.

PARTICIPANT : I think it’s important that the

members of the committee understand that pulmonary

hypertension, because 97 percent of the babies with this

disease present by 72 hours of age, they are pretty frail

and unstable. Making the trials of the various therapies in

this patients has not been successful.

By the end of today the committee will have seen

the entire body of literature of randomized trials available

in this population. And these newer therapies, like inhaled

nitric oxide are not supplanting other therapies. They are

being used in addition to the existing therapies, usually in
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off label indications.

So in the NICHD observational work, the mean

number of treatments received by each patient was 4.5, and

that was before inhaled nitric oxide or surfactant were in

widespread use. So you are not looking at a pure -- you

have disease A, and it’s either treatment X or Y. It’s an

amalgamation of treatments, and inhaled nitric oxide is

being used in new application in those studies that you are

seeing as is ECMO. Each physician is trying to assess risk

and potential benefit, and use the therapies in additive

fashion on the basis of at risk.

DR. PACKER: We will adjourn. After we return, I

will ask Dr. Kinsella and Dr. Clark to return to the podium

to continue the discussion on the indications for ECMO and

the advantages and disadvantages of including ECMO as part

of a composite endpoint.

We will take the break that was originally

scheduled for us, which is 45 minutes and return here.

We’ll reconvene at 1:30 p.m.

[Whereupon, the meeting was recessed for lunch at

12:45 p.m., to reconvene at 1:30 p.m.]
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DR. PACKER: The first thing we want to talk about

this afternoon is really to clarify and be able to have the

committee address the issue of the advisability, advantages,

disadvantages, of having ECMO as part of a combined end

point in clinical trials.

This comes up frequently this afternoon. It is

probably a good idea to talk about that before going into

the results of individual studies.

In fact, before going into that, it would probably

be a good idea to clarify from a clinical perspective what

the indications for ECMO are.

The discussion was just beginning on that before

lunch. Why don’t we pick up at that point and I will just

ask, how you know --

DR. CLARK: Let me show you two slides that I

pulled out during lunch to help us with that. First of all,

I think it is important that if we go back and ask the

questions of patients who were referred to the ECMO center,

that met ECMO criteria -- these are either by LDo or

arterial oxygen differences or oxygenation index -- what

percentage of those patients ultimately are treated with

ECMO .

That number is a published number and covers

*
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around 40 to 50 percent, depending on the patient mix. If

we ask the registry question, what is reported to the

registry as the reason for the initiation of ECMO into a

particular patient, these have relative percentages between

acutely deteriorated that is defined as a PA-2 less than 40

on rational medical therapy, and the feeling by the

attending physician that the child is dying.

The oxygenation index better than 40, failure to

respond to rational medical therapy, which depends on the

specific therapy.

There is a small percentage where a variety of

other things, progressive early, life threatening,

hypotension, a variety of other reasons.

I don’t think it is a simple statement to say

precisely why specific patients have been put on ECMO. In

general, the feeling is that the person taking care of the

patient feels that they have met the criteria of more than

an 80 percent chance that they are going to die.

How you define that is obviously a constantly-

changing piece because of introduction of new therapies --

for example, high frequency ventilation -- so many of us

have questioned the value of better than 40 in a patient who

seems to be doing very well with high frequency ventilation.

so, it is a complicated task to define.

DR. PACKER: Let me follow through on that. It

8
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seems that the implications of what you have just said, by

just pointing out the oxygenation index, there may be

criteria that some physicians would use that others would

not .

In order to make the ECMO criteria or use of

criteria more persuasive, could protocols be designed so

that ECMO would only be instituted under pre-defined

clinical occurrences, as opposed to being left to the

judgement of a physician or a investigator.

DR. CLARK: I think all the studies have attempted

to do precisely what you are saying. The reality is that

the attending physician, if it is in their best medical

opinion that the child is dying, they are going to act in

the best interests of that child.

so, if you ask me are the protocols precisely

filed in each case, I would say that I don’t know the answer

to that, and I don’t know of any studies that have looked

carefully to say how often do people follow this protocol.

DR. PACKER: The way that sometimes we deal with

that in cardiovascular trials is that we have a committee

that, in a blinded fashion, reviews and adjudicates the use

of an intervention to see if it met the criteria that has

been defined as being associated with pretty generally

accepted or formally accepted criteria. That would be the

only utilization of ECMO that would count to the primary end
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point .

DR. KINSELLA: When you have critical care

decisions made at bedside at 2:00 o’clock in the morning,

with somebody who has lots of multi-organ problems, and when

you try to write those numbers down, there is always going

to be an exception.

A lot of times these decisions are not necessarily

being made by someone saying this patient has met an

observation criterion for six hours, but there is something

else going on.

At some point we make decisions. I find those

things very difficult to define, write down on paper and

have everybody follow.

We have to understand that we will make decisions

as clinicians caring for critically ill newborns, and

sometimes those decisions will be made the same and

sometimes not.

DR. GOLDSMITH: I do not want you to confuse the

ELSO registry, which is almost 14,000 babies now, the entry

criteria for 111 centers with the entry criteria for the

ECMO as an end point in the studies that we are going to

hear about.

I think they are much more closely monitored and

there could be a committee to look at the ones that didn’t

meet aligned criteria. I think that is possible.
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I would like to take this opportunity to mention,

for those of you who are adult physicians, that the

demographics in pediatrics is also as different as the

physiology that Dr. Moran mentioned so eloquently before

lunch.

In this country, the United States, we deliver

about four million babies a year at 6,000 hospitals,

approximately.

About one in four hospitals has an NICU, which

means they have a neonatologist. Less than 50 percent of

those hospitals have pediatric cardiologists.

You wouldn’t run an adult ICU without an adult

cardiologist available to you to do ECHOS and things at the

bedside. So, what we are talking about is that in 1,500

hospitals that have NICUS that might have the availability

of treating pulmonary hypertension, 50 percent of them might

do it without the diagnostic criteria being met, which is

that the child has pulmonary hypertension by 2-D

echocardiogram.

I think we have to be very careful in looking at

the demographics of the treatment of children, neonates, in

the United States versus what you are used to in terms of

what you are used to in adult intensive care.

DR. PACKER: But the same situation occurs in

adults . For example, in the area of heart failure, we would
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to think that all patients are managed as they would be

specialty heart failure center. They would get an

...
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echocardiogram, et cetera.

We know that 80 percent of patients with heart in

the United States are treated by generalists, and usually

without any guidance or confirmation of the pathophysiology.

so, it is not any difference in adults.

DR. GOLDSMITH: As you move toward a new therapy

such as INO, and then recognizing that those 1,500 neonatal

intensive care systems, only one out of 15 is going to have

an ECMO, then you have to put the patient into a transport

vehicle if he or she doesn’t respond, and move them to an

ECMO center.

available

that into

so, we are looking at a degradation of the care

based on the centers, and I think we have to take

account as we go forward.

In the centers that we are seeing, almost all of

those centers that participated in these trials had ECMO

available as rescue, and the children were immediately

placed on ECMO, if they didn’t respond. Forty percent

didn’t respond.

As we go forward, that would not be the case. If

they don’t respond, many of them are going to have to be --

DR. LIPICKY: You will see that one of the trials

that will be discussed had rather rigorous criteria for what

*
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possibility of ECMO.

I believe it is something like the slide

What was the number?

PARTICIPANT : Eighty percent of people

approximately were transferred.

DR. LIPICKY: SO, it was more than half?

PARTICIPANT : Yes.

DR. LIPICKY: Who were eligible received it.

PARTICIPANT : For the people that ultimately met

ECMO criteria, the investigators were asked to check off

what ECMO criteria they met. Of those, 80 percent of them

the investigator said the criteria they met was an elevated

oxygenation.

DR. LIPICKY: That

question is, of those people

criteria, how many got it.

is not the question. The

who were eligible for ECMO by

PARTICIPANT :

DR. LIPICKY:

roughly what you showed

Oh, a smaller fraction.

Something like 50 percent, which is

on your slide. So, when you do

rigorously define criteria for ECMO, there are other things

besides the numbers that you see that you can’t define, that

influence whether or not the ECMO is actually instituted.

That is why I was interested

the decision got made, and whether one

without some piece.

in understanding how

could make a decision
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DR. CLARK: There is another complication of this,

which is, if you look at most of these trials, the patient

was meeting ECMO criteria at the time of enrollment.

Essentially, 100 percent of the patients --

probably not 100, but certainly close to probably 80 percent

-. in both treatment groups, if I were to imagine based on

the experience in other trials, would meet the ECMO

criteria.

Something in the intervention changed

of disease and allowed the patient to recover.

I think another important issue about

the course

this is to

remember ECMO is not therapeutic. There is nothing in the

ECMO circuit that reverses the underlying pathophysiology.

In fact, if you look at animal studies, ECMO hurts

you. so, what is happening during the period of time that

they are on ECMO is a spontaneous recovery, allowing things

to rest and avoiding further injury.

I think if we do something else that promotes a

similar type of recovery without causing any evidence of

harm in a less invasive way, it is in the best interests of

the patient.

DR. DAVIDSON: I would like to just address a

question raised by one of the panel members about the

correlation between oxygenation index and the need for --

neonatologists have generally used an oxygenation index of

*
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25 to suggest that the baby may need ECMO, on the order of

about 50 percent chance. That is from retrospective

studies. When you hit an 01 40, there is about an 80

percent chance.

Keep your eye, now, on the trials that are coming

up that are being presented, which are multicentered,

randomized, blinded, placebo-controlled trials. You will

see that the need for ECMO does correlate with the

oxygenation index.

In the early treatment trial of Ohmeda, the

oxygenation index was 25 on entry, and there was a 36

percent chance for those babies to go on to ECMO, pretty

close to historical information.

In the INOS trial, where the oxygenation index at

baseline was over 40, there was a much higher need for ECMO,

in 60 to 70 percent.

DR. PACKER: I guess I don’t really know what we

would learn by thinking about what you just said. It is a

little bit of a self-fulfilling property.

If the oxygenation index is used by many as an

indication for ECMO, I assume there would be a correlation

between the oxygenation index and the use of ECMO.

PARTICIPANT: I am from the University of Utah. I

am a pediatric cardiologist. The question about, is there

some way to make this a little bit more objective, my only

——
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question is that neonatologists are very divergent in their

use of ECMO. I don’t know that it can be used with an end

point .

I can tell by echo cardiology whether that patient

has pulmonary hypertension at baseline. I can tell whether

or not they regress because of pulmonary hypertension or

some other mechanism.

There is some way to point, is this therapy

preventing pulmonary hypertension.

DR. PACKER: Unfortunately, that doesn’t quite

solve our desire to make our decisions based on outcomes as

opposed to physiology.

PARTICIPANT : Well, the choice is that death is

going to be an end point. ECMO can’t be an end point

because, so you have to use oxygenation and pulmonary

hypertension.

DR. KING: I think that we have an end point and

the end point is patients with ECMO. It is very clear to

most people in the audience.

You are describing a trial that can’t be done and

that is not really very helpful.

PARTICIPANT : I think you are describing a trial

that can’t be done.

DR. KING: What is your end point going to be. I

think an end point of ECMO utilization makes a lot of sense.
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It clearly will not get to survival.

PARTICIPANT : ECMO is used to treat pulmonary

hypertension. You don’t need to argue that at this point.

You have to recognize what is going on. Tomorrow they are

going to be making decisions about coronary artery disease

where part of the end point is whether or not they need to

be vascularized. Now, you tell me everybody makes the same

judgement there.

It is clear that people’s judgments

a procedure are different amongst individuals.

to institute

The thing

that I would

to make ECMO

therefore it

like to see clarified is whether the decision

is the equivalent of saying PA-02 is 14;

is ECMO, but if it is 14.5 it is not.

The question you are leaving now is that that is

the case. I don’t believe that. “

PARTICIPANT: With coronary artery disease, it is

a little bit more simple. They just have coronary artery

disease. [Laughter.]

DR. PACKER: Let me do the following. First of

all, let me clarify that the purpose of today’s meeting is

really to explore the issues.

The position, I think, and charge to this

committee is not to propose any specific finding. It is

really to explore all of the advantages and disadvantages of

all possible end points and their alternatives.

●
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I don’t think you have heard anybody on this

committee say that mortality has to be the end point in

trials . Nobody on this committee has said that.

What the committee has asked is that the C end

point where death is combined with ECMO, we want to

understand, one, why; two, what are the pitfalls of doing

so ; three, are there alternatives that no one has thought

about and we might encourage.

so, we haven’t designed any trials today. All we

have done is explore the issues that could pertain to and be

important to the design of future studies.

DR. LIPICKY: I would like to just offer my

interpretation of the question that was answered, and it is

clearly the answer that you have been getting from others,

and at the moment I think what I am about to say is right.

Death and the initiation of ECMO, to me, are

equivalent end points, with the exception that the

initiation of ECMO accepts the notion that the person that

is going to make the incision to place the catheters has

decided that if I don’t do this, this patient is dead.

In that sense, it is a true surrogate for

mortality. It is for sure that the decision making process,

for whether or not to do ECMO varies from individual to

individual .

Although nobody has said it, I have had people
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tell me that they would have instituted ECMO with P02S that

were perfectly okay, because other things were going bad.

No one would entertain using oxygen if they didn’t

think oxygenation was a problem. Clearly, you have to

believe the baby has an oxygen problem or you wouldn’t

entertain doing that.

There is much more to the decision-making process,

it seems to me, than simply the P02 isn’t somewhere. I

don’t know want to go in and say what that decision-making

process entails.

DR. PACKER: Maybe we could try to clarify things

along the following lines, and then take some more comments.

I guess there are two ways -- three ways -- to think of ECMO

that would support issues as a part of the composite.

First, Ray, as you have just outlined, it is

equivalent to death in an ethical world. The baby’s

physician has made the judgement that, unless the baby gets

ECMO, the baby is dead. That is one possible way of

thinking about it that would support its use as part of the

combined surrogate.

The second is to say that it is not a surrogate

for mortality. It is a reflection of a deterioration in

clinical status which itself is clinically relevant.

In other words, to be clinically relevant, death

is not the only clinically relevant event that can happen to
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a baby.

Therefore, ECMO is simply the physician’s way of

signaling to someone that the baby has done so bad and has

met certain clinical deterioration criteria that that, in

and of itself, represents a real clinical event, and not a

surrogate for anything.

The third way of supporting the use of ECMO as

part of a combined end point is to consider the quality of

life issue, or an avoidance of risk issue, or a reduction in

cost issue.

I am lumping these all together, although they are

not all related to each other, but focusing on the quality

of life issue.

It is unpleasant. It then carries risk to be on

ECMO versus not being on ECMO. This is analogous to the

discussion that took place earlier this morning, on whether

it is better to not be on the ventilator than to be on the

ventilator.

I have concerns about that argument because the

institution of ECMO in these trials is not really analogous

with the weaning of someone from a mechanical ventilator.

The difference is, in all the trials of ARDS, the

patients were on the ventilator a priori, before the trials

began, and the idea was to make them better.

Therefore, the weaning of the patient from the

#
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ventilator was a quality of life issue. Here, the babies

are not on ECMO at the beginning of the trial.

Consequently, it is the physician who is making

the judgement to impair quality of life as opposed as there

is an impairment in the quality of life with the potential

to get better.

That is being done for a good purpose, i.e., life

saving purpose. Therefore, I guess I am reluctant to get

into the third category, because I think that is very

different than the ventilator example.

I personally think that the solution that I would

favor would be to think of it in the second category. That

is, this is not a surrogate. This is not a quality of life

issue. It is a reflection of clinical failure.

What I would like to hear is what the committee

thinks about any of these possibilities or others or

potentially rejects them all.

MR. CALIFF: I would like to speak in favor of

both two and three. I actually think Ray has a good case on

item number one, too.

It is apparent, if the child has been in a

neonatal intensive care units, having a child with these

tubes coming out, and the potential sequelae of that, I

think, is a horrible thing.

I don’t know of any physician who would institute

.



.s”%

161

ECMO for the fun of it. It really is an indication -- it is

such a horrible thing, no parent would stand for it, unless

there was a real belief that unless you did it, the outcome

would be terrible.

I like your argument number two, that it is a

clinical failure. I also think that, at least as the best

estimate you can make for a little baby, it can’t be a good

thing to be lying there with cannulas in your back for a few

days.

I think there should be at least some credit for

item number three.

DR. PACKER: I guess the reason for my skepticism

about item three is that if one takes that rationale and

extrapolates it to areas other than the one that we are

talking

we were

about today, you get into problems.

For example, if you were to say, PTCA, per se --

talking about coronary disease before -- is a

procedure that impairs quality of life.

so, if you had a drug that reduces the use of

PTCA, without reducing the clinical indications for which

PTCA is indicated, you get big problems.

That would strongly favor two and lead you to be

much less enthusiastic about three.

DR. CALIFF: I think your point is well taken,

that it is a classic fact that this point number three

— ~,

,

.—



$* -.

162
should not be generically extrapolated.

I would put this in an extreme category of

therapies. In a lot of centers having

indication for PTCA. But I think that

very different category of therapy.

a 9roin is an

ECMO is probably a

I think argument number two is so strong that you

don’t necessarily need argument three.
I just think there

should be a little credit given.

DR. GOLDSMITH: I would echo what Dr. Clark had

said before, which is that there is no therapy that ECMO

provides. It provides lung rest.

If we think that we intercede instead of ECMO,

such as the therapies that Dr. Walsh-Suchy has talked about,

giving four or five therapies before you come to ECMO and

now adding INO on top of that, would mean that the baby is

being continued on a ventilator at potentially toxic

settings.

One of the reasons we used ECMO before 01 criteria

are met, is because we think that is on toxic settings that

will lead to chronic lung injury.

If we delay -- there is at least one, maybe two

studies that show this now -- if we delay ECMO initiation to

allow the patient to stay on the ventilator at toxic

settings, we see an increase in bronchopulmonary dysplasia

chronic lung diseases.

#
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so, one of the outcome measures -- and I agree

with the three that you have given -- but one of the

measures that needs to be looked at for using INO before

ECMO initiation is the increase in chronic lung disease.

DR. KONSTAM: I wanted to comment on your

thoughts. I could personally accept any of the three

constructs, and I am most attracted to the second one, as

you are.

That is to say, that this sounds to me that this

is a very concrete marker of badness in the child, of a

judgement on the part of the person in the trenches caring

for that infant, that that infant is very critically ill.

Now, we have been struggling to identify the

objective criteria that have pushed that, but that is okay.

What that means is that there is not a one-to-one

relationship between oxygenation, which is okay, because if

there were a one-to-one, then we would just look at

oxygenation.

so, it is something more than that, and I guess

that I also would -- it is appealing to try to identify all

the objective criteria that uniformly result in a decision,

but you know you will never succeed at that.

Based on what you are hearing, it sounds pretty

convincing that ECMO in its day has significantly reduced

mortality.

. . . . .—
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Therefore, we can go through this step of reducing

the number of times that the clinician thinks that the child

is sick enough to require ECMO and, at the same time,

convince ourselves that we are not doing that by having a

greater mortality.

Then I think it is appealing that we have, in

fact, done something to alter the disease, or at least the

perception of how sick the kid is.

DR. LIPICKY: There is a reason, I guess, to go

through the relative -- 1 don’t want to end the discussion

of trying to say whether this is surrogate death or it is

something else or it is something else, because there is

value to that.

One of the values to that is, again, coming back

to urgent interventions, our agenda has been set to progress

with this question tomorrow as if a trial on coronary artery

disease is primarily settled on the basis of urgent

interventions .

Even if it is a fairly spectacular trial, go back

and do another one to convince us, because that is not

irreversible end points, and we are not comfortable with

making decisions on the basis of non-irreversible end

points.

so, in part, the decision about where ECMO sits,

whether it is a surrogate for mortality or some less
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meaningful irreversible indicator, in part it raises the

standard.

DR. PACKER: I think that is why the discussion

about which of these three criteria, or perhaps other

possibilities, is so important, because if we can define

what our thinking is in this area, we can perhaps establish

a sense or even a guidance for future clinical trials that

would use ECMO as part of a composite end point.

We need to always sort of at least look on both

sides and realize that whatever decision we make has to be

consistent across therapeutic categories.

It would be a little bit silly for us to criticize

the inclusion of revascularization or any other procedure in

a combined end point, but raise ECMO simply for quality of

life or economic reasons.

DR. TEMPLE: There probably has to be some logical

consistency across therapeutic classes. That doesn’t mean

you necessarily reach the same conclusion on each of them,

because each one of them is going to be a different

situation.

I just want to follow up on the logic of the first

category. If I understand you, just saying that this

represents therapeutic failure is one step short of getting

there.

— .

I think it is crucial that you also believe there

- ..—
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is evidence that the intervention that you are preventing,

because someone calls it therapeutic failure, actually

preserves life, and there is some evidence of that.

That means that you are preventing something that

is therapeutic failure that really would have led to death.

You have just prevented it, and you actually have methods

for doing that, and that seems a component of this.

That might make this different from other kinds of

interventions, for example.

DR. PACKER: Bob , let me take what you just said

and put it into an analogous situation closer to some of the

diseases we think about.

In the area of heart failure, there are two kinds

of interventions which have been used combined with

something as a primary end point, two extremes.

First is transplantation. The second is

increasing background medications. Both of them can be used

to designate a treatment failure, but we are, I think,

understandably reluctant to think that an increase in

background medications is good enough to be included in the

composite, but we routinely see clinical trials that assign

to transplant a status equivalent to being dead.

That is not necessarily always true but I am

trying to provide an example that is analogous to your

example. Do you agree with that?

.-. —
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DR. TEMPLE: I think the increase in medication

has some different function. I think it really represents

an attempt to, in a sort of combined or global way, measure

the degree of failure that the person had.

If someone told you that you could intervene and

decrease the amount of failure the person has over time you

would say, that is good. This is just the way we measure it

and it is easier to count than other things.

so, that strikes me as a measure of progress of

the underlying disease. Most of the time you would say

preventing the progress of the underlying disease is good.

Using intervention in a coronary artery setting is

probably more debatable, but there are certain bad things --

trust me on this -- associated with having PTCA.

Preventing that in a benign way that doesn’t take

anything else away seems to be a pretty good benefit. Ray

wasn’t denying that. He was just saying we would probably

like to see that demonstrated more than once because it is

not as obvious and urgent a result.

DR. PACKER: Bob , I don’t understand, and maybe

Ray can clarify. If you demonstrate something you don’t

believe in twice, do you believe in it more?

DR. LIPICKY: It is the ethics of asking for it a

second time. If you have a pretty strong, irreversible end

point trial, you have to wonder whether you can ask for it

----- .
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So, you would say, okay, I don’t really believe in

it but I can’t ethically walk the streets and ask for

another one.

If you don’t have irreversible time, then you can

say, I don’t believe it.

DR. TEMPLE: It is not really not believing in it.

It is how sure you are.

DR. PACKER: Wait a minute. I guess what I think

I hear you saying is that you actually think that the

avoidance of revascularization is reasonable.
You just want

to see it twice. Because it is reversible, you can ask for

it twice.

DR. LIPICKY: That is not quite right, but it is

close enough that I will accept it.

DR. TEMPLE: There are two different subjects

here. One is level of evidence that you need to believe

something or prove something. The other is what is a valid

end point.

Nobody is expressing a doubt that preventing

revascularization is a valid end point.

DR. LIPICKY: Yes, it is a valid end point. No

problem with that.

DR. THADANI: I think before we go on to

discussion, the data here on the British study was thought

.. . .. . -- .. . ... . .. .
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premature. You are accepting that ECMO is preserving life.

The panelists are not contesting that statement; is that

true?

From the data that we are being given, including

the British study which is the one that you showed, compared

to conventional treatment and revascularization, that ECMO

improves the life.

If that is true, then how can we suggest that you

can offer an alternative treatment if that was available,

that you are going to withhold that treatment.

In order for me to accept something else, you have

to show that ECMO or some other treatment is either reducing

the hospital stay or reducing hyperventilation. I haven’t

seen anything like that. Would that be the kind of thing

that we would like to see.

How can you deny, if ECMO is available, and your

child is dying, that you are going to keep on trying until

he is nearly dead. The question comes up how many children

are dying because you are not giving them ECMO and they

don’t go into the trial results.

DR. CLARK: Let me try to approach that, just

briefly. I think what you are going to see next is to try

to get at that issue, precisely. I think that the question

that will be before us is not whether we avoided ECMO.

The question you asked is much more important, and

.
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that is, did we do that in a safe manner. In other words,

is the outcome of the patient who is treated with nitric

oxide equivalent of that that was in the control and not on

nitric oxide.

That is, as I suggested in the last slide, a very

difficult issue to get at with regard to numbers, because it

comes to the whole issue of what is equivalent. How much

are we willing to accept, as was addressed this morning, in

differences . How certain can we be that things going the

wrong direction in many of these studies are not really

events.

My argument to that would be that part of what we

need to do is in communities -- and we have actually set

this up -- is to collect a larger data base of information

on these patients as we go forward, to look and see if there

are any other adverse events that are occurring at a very

low rate that we are not measuring in the current trials.

DR. THADANI: I think the issue also comes up to

me and which I am thinking might be a tentative for ECMO is

one to zero. So, you have to randomize one to ECMO and one

to the conventional and one to something else.

I think I would like to see them work out the

effects of the holding therapy in that time period. I would

like to know a little more on that.

DR. ALTON: I have applied both techniques to

,....-,—.
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neonates, pediatric patients and adults, ECMO and nitric

oxide.

I think one of the concerns for me, in listening

to the committee, seems to me to be some of the

misunderstanding between what are some

have as clinicians.

It is proved that ECMO saves

of the desires we

lives in neonatal

patients and it probably saves lives in selected pediatric

and adult patients as well.

“However, on the continuum of therapies that you

would like to use versus never use, ECMO is on the never use

.... end. It is very invasive; it is very costly; it is very.
—
‘) labor intensive.

While you don’t necessarily want to deal with

those issues in focusing more on quality of life, it is very

important to remember that you are doing ECMO, and it is

very expensive, it is very labor intensive, it takes a lot

of manpower.

The complications, when they do occur, are very

severe -- bleeding in the head, et cetera, et cetera. TO

find something before you get there, that works equivalently

-1–-

well,

to my

would be terrific. We would love it.

I can tell you that in pediatric patients who come

center for pediatric ECMO, of which I believe the

oxygenation index is a good screen for how sick they are, if

-.
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they have responded to nitric oxide, they may improve their

oxygenation and I am able to reduce the amount of pressure I

am beating them with the ventilator and the amount of oxygen

that I am giving them.

Their survival has been equivalent to those

patients who I would have put on ECMO for similar criteria

in years past.

In patients who don’t respond to nitric oxide,

however -- these are older patients -- their mortality even

with ECMO has been poor, which is a lot different than in

the neonatal battery.

I think in the neonatal battery that is available

now, either in printed form, in published form, if you look

at patients who have either gotten nitric oxide, high

frequently ventilator, et cetera, et cetera, before they go

on ECMO,

based on

there has not been a great change in mortality

previous therapies.

That indicates that all these therapies -- that is

what is nice about them; you can give surfactant; you can

give nitric oxide.

We know if it works within a fairly short period

of time and

things.

I

you can move from them onto the more invasive

think it is a misunderstanding of the committee

that we would like to do ECMO on everybody. That is not
..
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true. I think the goal of ECMO would be to find something

that would make us never have to do it again.

I think it is reasonable

point of therapy. I kind of agree

comment, that in patients that you

believe they are going to die. It

that as the surrogate.

to look at ECMO as an end

with Dr. Lipicky’s

place on ECMO, we do

is certainly okay to lump

I really think that the idea that we want to use

ECMO as equivocally as nitric oxide is probably not true.

We would like to use nitric oxide to replace the need for

ECMO .

DR. PACKER: I don’t think anyone on the committee

thinks that anyone uses ECMO or institutes ECMO lightly. I

guess it would be important because this has been, I guess,

a recurrent theme all through the day’s hearing, that there

may be many of you in the audience who may be puzzled by the

kinds of questions we are asking and why it would appear

that we are making this process so complicated.

Shouldn’t this be simple? You know, you just

measure the P02 and if it goes up, clearly there is clinical

benefit.

who takes

Why are we making this so complicated.

We realize that everyone on this panel is someone

care of patients. We do understand your position.

“),&.irz
.. . .

The problem is that the regulatory decision making

process is a very different process from the clinical

),.,
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making process.

That is because we have heard a lot about the

of clinical trials which can be misleading and

which can result in therapies that are not as good as

physicians think they are.

so, it is very important for us to define what we

are looking at to define the criteria in which judgement

will be based, and to do that in a fair and balanced

fashion.

That is not identical

physicians follow when they are

is important to understand that

to the process that

taking care of patients. It

distinction.

DR. KINSELLA: It is also important to understand

that you can think over the issues of how ECMO is applied,

but the reality is that it is used as a standard treatment

when all else has failed in newborn intensive care units

around the country.

There will not be a randomized trial using ECMO

alone. That is done and people are sold on it. I think

that is correct.

so, what we have to say, to us that is the last

step. How are we going to design studies to design new

therapies? I think that is the right thing to do.

DR. PACKER: Just understand that it is important

for us and for the agency to understand why you feel that

*.
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way, and to understand whether the reasons YOU feel that

way, if it were applied to this area or other therapeutic

areas, would get us into trouble.

What you are convincing us of, and I think you are

hearing that, is that we are persuaded that the way you are

thinking about this is not likely to get us into trouble, is

not likely to get us into trouble.

What I am trying to say is that you are convincing

us . What we need to work through is the process of

understanding why avoidance of trouble is likely.

DR. ROTHSTEIN: I thought I heard a couple of

minutes ago members of the panel concerned about withholding

ECMO, because it might be life saving, and trying a new

therapy.

There is a simple mechanistic answer to that. In

the time that it takes to mobilize a surgical team and start

the process of getting the cannulas implemented, I can slap

nitric oxide into a circuit and have a 30-minute trial and

know whether or not I have a responder or non-responder.

I can accomplish both, offer both, but also having

that trial of seeing if the child is responsive to nitric

oxide.

If it is not responsive, you can proceed with

ECMO . If it is responsive, the child may no longer meet the

ECMO criteria.
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procedure

DR. KINSELLA: Or you may make that cannulation

considerably more safe by stabilizing the patient.

DR. PACKER: please understand that the reasons

these discussions are taking place is that it would be a

real crime if nitric oxide was used and we convinced

physicians not to implement ECMO, delay it, and it was

wrong.

If nitric oxide didn’t work, if YOU could not

persuade yourself that it worked, then in fact, the

utilization of nitric oxide to increase P02, unless that was

shown to be clinically relevant, would result in horrible

judgement in terms of the delay of life-saving

interventions.

DR. ROTHSTEIN: But

talking about here, a rise in

underlying pathophysiology.

many of the diseases we are

P02 is directly related to the

We are not talking about pseudomonosepsis that is

destroying the heart, the kidneys, the lung. We are talking

about an abnormal tone of the pulmonary vasculature. The

rise in P02 is giving me evidence that~ in fact, I am

getting at the basic problem.

DR. PACKER: The fact is that I haven’t heard

anyone say that that rise in P02 is the primary end point of

the problem.

Everyone is saying that the primary end point is

*
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death or ECMO. That is what we are hearing. No one has
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proposed that the change in

PARTICIPANT: Can

data that will be presented

this precisely.

P02 be

I just

in the

DR. PACKER: Could I ask

the primary end point.

suggest that

next studies

those at the

a lot of the

will present

microphone,

just for the sake of time, please come back in about a half

an hour. We will proceed with the discussion of the

clinical trials.

Agenda Item: Clinical Trials. NINOS .

DR. EHRENKRANZ: Good afternoon. I am Richard

Ehrenkranz . I am clinical director of the newborn Intensive

Care Unit at Children’s Hospital at Yale.

The neonatal inhaled nitric oxide study was a

multi-center trial performed by eight members of the NICHT,

neonatal research networks, in collaboration with the 10

members of the Canadian inhaled nitric oxide study group.

It was a randomized, controlled, double masked

clinical trial, in which infants were randomly assigned to

an inhaled nitric oxide treatment group or to a control

group.

The primary hypothesis stated that treatment with

inhaled nitric oxide reduces death and/or receipt of ECMO

from 50 percent in the control group to 30 percent in the

inhaled nitric oxide group, ‘a relative reduction of 40
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A sample size of 250 patients, 125 patients per

group, was estimated to be necessary to demonstrate this

reduction at a P level of .05 with 90 percent power.

The secondary hypotheses for this study were that

treatment with inhaled nitric oxide would lead to an

increase in PA02 and a decrease in 01 and P02 measured 30

minutes after the initial administration of study gas, a

decrease in the length of hospital stay, no change in the

duration of the cystic ventilation and the incidence of

pulmonary air links and bronchopulmonary dysplasia,

bronchopulmonary dysplasia being defined as oxygen

dependence at 28 days of age with an abnormal chest X-ray.

Further, there would no change in neural

development or disability at 24 months follow up date.

The inclusion criteria for the study are listed on

the slide. One. Infants need to require assisted

ventilation for hypoxic respiratory failure that resulted

from a diagnosis of persistent pulmonary hypertension,

respiratory distress syndrome, meconium aspiration

pneumonia, pneumonia sepsis, or suspected pulmonary

hyperplasia.

Infants with congenital diaphragmatic hernia were

enrolled in a parallel pilot trial that followed the same

outline as the trial that I have described to you.
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01 was greater than 25, greater than or equal to

25, in two arterial blood gases that were more than 15

minutes apart, an echocardiographic evaluation within 24

hours preceding randomization, and an ingoing arterial line,

and consent by the parent or the legal guardian.

The exclusion criteria for this trial were

distinctional age from greater than 24 weeks, a gestational

age of 34 weeks and a postnatal age of greater than 14 days,

congenital heart disease, other than arteriosus or mitrial

level shunt, and a decision not to provide full treatment --

for example, secondary seizures, multiple brain injury.

Inhaled nitric oxide was considered an

investigational therapy. Therefore, all conventional means

of treating infants who were potential candidates for the

trial were to be employed before randomization.

The study protocol did not specify details of pre-

enrollment management. However, each participating center

developed general management guidelines that were used for

the duration of the study and agreed to institute maximal

conventional therapies before randomization.

We believe that this strategy is one of the

strengths of this trial. I show on this slide the general

management guidelines, including the maintenance of a mean

blood pressure greater than 45 millimeters of mercury,

induction of alkalosis with a target pH of 7.5 to 7.60,
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provision of sedation and neuromuscular blockade, surfactant

therapy.

Surfactant therapy could only be administered

after randomization if it had been given prior to the

initiation of the study drug. Finally, high frequency

ventilation.

The load of ventilation could not be changed once

the baby was randomized into the study except as part of

weaning.

Therefore, the infant was randomized on

conventional ventilation, if they were staying on

ventilation throughout the study. However, if they were

randomized on high frequency, they would remain on high

frequency in the study, and removed from high frequency as

appropriate and then placed on conventional ventilation.

It was expected that infants would be randomized

as soon as possible after meeting eligibility criteria and

obtaining the second 01 greater than or equal to 25.

Infants were randomized to INO or control. They

were randomized by an automated telephone randomization

system and they were stratified by center.

Infants were evaluated at 20 parts per million

nitric oxide or controls at 100 percent oxygen for 30

minutes.

At that point, arterial blood gas was obtained.

-.,

‘“J.,,.~.
w::.,-

‘“,..,’

,,. .



:,-..-.\
‘1

-=_=

---
_4.”..-.,

<

....
_--— )

181

If the PA increase was greater than 24, they will continue

at that level of study gas, 20 parts per million of nitric

oxide or control.

If the PA02 is less than or equal to 24, they were

evaluated again after treatment at a level of 80 parts per

million. If the PA02 increased at 80 parts per million, or

had obtained 24, they were treated at the lowest dose at

which they responded.

Specifically, if the PA02 increase was between 10

and 24 at both the lower and higher levels of study gas, the

infant would receive the lower level of study gas.

However, if the PA02 increase was only obtained at

the higher level, the infant would remain at the higher

level of study gas.

Finally, if the PA02 increase was less than 10,

the study gas was stopped.

We permitted two-week trials of study gas. Each

treatment had to be at a six-hour interval and only if the

infant was still eligible. Cross over was not allowed

between study groups.

Study gas management was performed by designated

unmasked individuals. Algorithms for study gas weaning,

escalation and reinitiation were suggested by the protocol.

There was a 14 day cumulative maximum of study gas

treatment, 336 cumulative hours.
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Finally, the decisions to initiative ECMO were

made by the clinical team using center-specific criteria.

Blood and methemoglobin levels and the

concentration of arterial nitric oxide and nitrogen dioxide

were monitored by unmasked individuals. These included our

research nurses and respiratory therapists.

If the methemoglobin level rose to between five

and 10 percent, study gas was weaned until the methemoglobin

level was less five percent. If the methemoglobin level

increased over 10 percent, the study gas was to be

discontinued.

If the nitrogen dioxide level increased to between

five and seven parts per million, study gas was to be weaned

until the 02 level was less than five parts per million.

If the N02 level increased over seven parts per

million, the study gas was to be discontinued.

In addition, we had a number of study site

certification procedures. Study sites were visited by a

certifying team that consisted of the principal

investigator, an experienced research nurse, coordinator,

and a senior member of the biostatistical center.

Quality assurance procedures were reviewed at that

time . Masking procedures were also reviewed. Masking

procedures needed to include how the flow meters would be

masked, INO and N02 readings, the methemoglobin levels,
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whenever we got them back from the laboratory, could only be

reported to unmasked individuals, mock adjustments of the

flow meters, and mock changes in tanks, or changes in tanks,

depending upon what was happening.

A written certification exam was also completed by

the co-investigator, the research nurses and the respiratory

therapists involved in this trial.

This is an example of the ecophysics

hemiluminescence analyzer that was used. This is the one at

Stanford. This was before masking, an example of how the

readouts of the flow meters are masked; a little bit closer.

This is Indiana University, a similar masking of

the readouts on the flow meters. Similar procedures were

evaluated at every procedure to ensure that appropriate

masking procedures were in place, and that the unmasked

individuals had put in place appropriate monitoring of the

methemoglobin and N02 levels.

As you are aware, this trial was terminated at the

recommendation of an external data safety and monitoring

committee, after the second planned review of the data

showed that the Z value had crossed the prevalued boundaries

of statistical significance.

After that recommendation was reviewed and

accepted, patient recruitment ceased on May 2, 1996. At

that time, 235 patients, as opposed to the 250 initially
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felt necessary, had been enrolled, 121 in the control group

and 114 in the INO group.

As shown on this slide, there was no difference

between the birth weight, gestational age, percent males,

percent white or percent outborn, between the study groups.

Of the outborn infants, about 50 percent of them

were transported and had been admitted to the receiving

center by 12 hours of age, approximately 12 percent between

12 and 24 hours of age, and about 30 percent at greater than

24 hours of age.

The diagnostic categories with respect to the type

of lung disease causing the babies to be transferred, you

had the pulmonary hypertension of the newborns, respiratory

distress syndrome, meconium aspiration syndrome,

pneumonosepsis, and other suspected pulmonary hyperplasia,

were no different between the two treated groups.

With respect to treatment

randomization, remember, we did not

how the infants were to be treated.

We wanted them to receive

maximum conventional therapy at the

randomization.

modalities

specify in

before

the protocol

what was considered the

institution before

As you can see, there is no difference between the

frequency that volume support or vasosuppressor support was

utilized between the group, Tolazanine, one of the non-
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specific drugs that was used in the past for pulmonary

vasopulmonat ion, sedation, analgesia, neuromuscular

blockade, induction of alkalosis, surfactant -- a little

over 70 percent of the infants received surfactant prior to

the therapy, and 55 percent had been exposed to high

frequency ventilation prior to randomization.

Thirty-seven percent of the control, and 32

percent of the inhaled nitric oxide infants were on high

frequency ventilation at the time of randomization.

At the time of randomization -- this is data from

the first qualifying arterial blood gas. Remember, we said

that babies would be eligible when their blood gas was

greater than or equal to 25 on two arterial blood gases at

least 15 minutes apart. This is data from the first gas.

The 01s averaged just about 45 in both groups.

The average age at the time of randomization was 1.7 days,

which is roughly 41 hours.

The median time from randomization to study gas

onset was 10 minutes in the control group and 15 minutes in

the INO group.

As previously stated, an 01 of greater than 40 is

the most common reason that infants are placed on ECMO.

Therefore, since many infants already met ECMO criteria, at

the time of randomization, we would not expect to see any

difference in the number of infants meeting ECMO criteria.
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In fact, because of concern raised about them, we

have actually gone back and started pulling charts of

infants.

We have found that approximately 58 percent of

infants actually met ECMO criteria at the time that they

were randomized.

The other thing that I want to point out is that

in our study design, we hoped to randomize infants with 01s

greater or equal to 25. Therefore, these infants were much

sicker at the time of randomization than we had anticipated

that they would be.

This is the response data to the initial

administration of study gas. This would be 20 parts per

million of nitric oxide or control.

For increases of less than 10 torr, that is

legally defined as no response. Partial response is if P02

increased from 10 to 20 torr, and a full or complete

response if P02 increased to greater than 24.

By our definition, infants who had this response

would be remaining on the study gas at that level. Infants

with these responses would be exposed to the higher level of

study gas.

Significantly more nitric oxide treated infants

than controlled infants had at least a partial response to

the initial study gas administration, 66.1 percent versus
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25.6 percent.

Furthermore, of the infants who did not have a

full response at the lower level -- 20 parts per million

nitric oxide or control gas -- and who were evaluated at the

higher, 80 parts per million nitric oxide or control -- 77

percent of the NO treated infants and 84 percent of the

controls had no response to

concentration.

Data here is only

the higher study gas

showing 229 infants. As I noted

here, four control infants and one INO treated infant did

not receive study gas and the data are not available. These

data are analyzed by the treatment assignments and the

intent-to-treat analysis.

These are the physiologic responses. These are

really the secondary analyses of these data. These are

measures of oxygenation, and the data demonstrate that

inhaled nitric oxide produces significant improvements in

oxygenation.

We see that as changes in PA02, in control just

shy of 10, to our inhaled nitric oxide group of 58. There

was a change in 01 with no change in the control group, a

decrease of -15 in the INO group, and a change in PA02,

change of just about 7 versus 60 with the INO group. Each

is a highly significant difference.

With respect to our primary outcome, we used a

*
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primary outcome as death and/or ECMO. You can see that by

the intent-to-treat analysis of the 121 infants in the

control group and the 114 in the INO group, our primary

outcome is highly significance, the difference 63.5 percent

of the infants in the control group had a primary outcome

versus only 45.6 percent in our INO group.

There was no difference in the incidence of death

between the groups, with the real difference being in the

incidence or the number of infants that received ECMO, 54.5

percent of the control infants versus 38.5 percent of the

INO treated infants.

As I just mentioned, data were analyzed in the

treatment group into which they were randomized; that is,

they only had intent-to-treat analysis.

Furthermore, there were seven infants who were

identified as having received the wrong study gas were

analyzed according to the treatment actually received.

In conclusion, we feel that nitric oxide

significantly reduced the primary outcome -- death or the

use of ECMO -- in infants with hypoxic respiratory failure,

in general. So, there is a significant benefit of inhaled

nitric oxide.

In an effort to further address concerns about

whether the treatment method was maintained, we have also

determined the percentage of infants who did not have a P02
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increase greater than 24 in response to the initial

administration of study gas, and who were treated by ECMO.

As seen on this slide, 15 percent of those infants

who were non-responders in the control group, 58 percent of

those infants who were non-responders in the INO group went

on to require ECMO.

However, only 23 percent of the responders in the

INO group required ECMO, compared to 47 percent of those

responders in the control group.

We believe that this analysis demonstrates that

issues other than short-term response to the initial study

gas administration were involved in the decision to initiate

ECMO, and that those issues were considered without bias to

both study units.

The data I have shown on this slide show treatment

modalities used after randomization: surfactant, high

frequency ventilation and steroids.

As shown here, there was no significant difference

between any of these post-randomization therapies. Again,

we feel that this is consistent with our belief that there

was no evidence of any systematic bias in the performance of

this trial and that all infants enrolled in this trial were

treated similarly after randomization.

This slide looks a little bit more closely at the

deaths . There were 20 in the control group, 16 in the INO
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group. Nine control infants and eight infants in the INO

group received ECMO.

Of the other 19 deaths who did not receive ECMO,

there were contraindications of ECMO present in 10 infants -

five in each group. Life support was withdrawn in five

infants in the control and two in the INO group.

Center-specific ECMO criteria were not met in

three controls and one INO group.

With respect to some of the short-term outcomes in

surviving infants, there is no difference in the number of

days of hospitalization, days of assisted ventilation, the

number of air leaks after randomization or the development
...

of bronchopulmonary dysplasia. )
....
,–*,.....‘..

In addition, with respect to adverse events after

randomization, you have seen this slide earlier in one of

the other presentations.

The infants are monitored for intracranial

hemorrhage, specifically grade four, periventricular

leukomalasia, brain infarction, seizures requiring

treatment, pulmonary hemorrhage and GI hemorrhage. Again,

there was no difference in any of these adverse outcomes.

No infant had study gas discontinued for toxicity.

We treated infants with 2.4 plus or minus 1.8 percent, and

the mean peak N02 level was 0.8 plus or minus 1.2 parts pre

million.
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INO was lowered in 11 infants due to elevated

methemoglobin levels. In the study design, if the level was

between 5 and 3 percent, the nitric oxide or the study gas

had to be lowered. It was cut in half and the values

repeated to bring it down to less than five percent.

so, the INO was not lowered in any infant due to

elevated nitrogen dioxide level.

As part of our study, we included long-term follow

up at 18 to 24 months of age in these infants. This follow

up is still going on. This is preliminary data for 75

coritrol infants and 79 nitric oxide infants.

The number pending, there would be a total of 101

in the control group and 98 in the nitric oxide group.

The evaluators for the developmental follow up

were masked as to whether the infants received nitric oxide

or control treatment.

The chronological age at the time of follow up is

20.9 months versus 20.3 months. Severe mental delay is

defined as a mental development index of less than 50 --

three versus six.

Severe cerebral palsy, this is based on the number

of infants who could be successfully treated and tested; no

difference.

Infants with sensory

Seizures after discharge, nine

neurohearing

versus four.

loss, 11 and 12,

Need for
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assisted ambulation, three and six; no significant

difference.

This is the preliminary data of the number of

infants who required hospitalization after discharge; no

difference .

The causes for hospitalization; respiratory causes

was the most common cause. CNS causes, just about. 10

percent.

A

oxygen from

duration of

similar number of infants were discharged on

both the treated and the control group. The

oxygen at home was similar. The use of

bronchodilaters after discharge was similar. There were no

late deaths in the control group and one in the INO group.

I do not have the cause of that death.

In conclusion, inhaled nitric oxide reduces the

use of ECMO in critically ill neonates with hypoxic

respiratory failure.

INO appears to be safe, well tolerated, and

without short-term toxicity. INO does not appear to result

in increased development of disability in infants at 24

months chronologic age.

long-term

INO does not appear to result in an increase in

respiratory

[Applause.]

DR. PACKER :

sequelae. Thank you.

Due to difficulties of bringing
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everyone back up, I think we should probably take a question

or two after each presentation.

DR. KONSTAM: I would like to review this issue of

the infants who received the wrong study gas. I am confused

on a number of different points on this. One is exactly the

numbers that are involved.

In the reviewer’s write up, it says that there

were seven infants randomized to control who actually

received nitric oxide; is that right? I didn’t notice that

you said it that way.

DR. EHRENKRANZ: I said after the primary -- this

data is based on 229 infants. This is intent-to-treat

analysis as shown on this slide. Physiologic data, same

data, intent-to-treat analysis.

This here is the core study group. This includes

intent-to-treat analysis with the infants who received the

wrong study gas.

There were seven infants who received -- control

infants who received nitric oxide. There was one study

infant who received control treatment, who was supposed to

receive nitric oxide. We did the same analysis.

DR. KONSTAM: The analysis is part of my concern.

so, we do have the numbers right. So, in other words, seven

infants who were randomized to control received nitric oxide

instead. There was one child who went the other way.
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In the FDA review it says, six of the seven

subjects who incorrectly received inhaled nitric oxide

ultimately recei-~ed ECMO and two of the seven died.

This concerns me on a couple of different grounds.

One starts to begin to question which is the best analysis

now, because one point is that so many of these incorrectly

administered patients, in fact, reached end point.

Sor you start to really question what should be

believed. Should we believe the intent-to-treat analysis or

should we not.

I know

in both, but the

it still reaches statistical significance

significance of the primary end point

declines if you look at it in terms of the kids that

actually got the particular drug.

DR. EHRENKWZ: For those who received ECMO, here

it is .017.

DR. KONSTAM: Right, but this is the ones who

actually received the drug.

DR. EHRENKWZ: This is the intent to treat. If

you look at it the other way, this number is .017.

DR. KONSTAM: That is not actually my biggest

concern. Let me just finish. That is not actually my

biggest concern about it.

My biggest concern about it is why this happened

and why were there seven kids who got the wrong treatment,

,,
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and why is it that six out of these seven kids had to get

ECMO .

What it raises is a concern in my mind as to the

integrity of the blindedness within the trial. Maybe we

need to talk about this a little bit more, because it sounds

as though there were unblinded investigators at every sight.

We know that there are other ways of effectively

being unblinded because you see what happens in the P02.

I think this issue is worth dwelling on when the

principal end point is a suggested end point, and it is

being driven by the judgement of the investigator.

Now , I think that is really where I am heading

here . In order to really have faith in the subjective end

point, you would like very, very much to have retained the

integrity of the blindedness.

I am concerned that this observation of these

seven kids who were put on nitric oxide is, in fact, a

signal that there was a significant problem with the

integrity of the blindedness during the trial.

DR. EHRENKRA.NZ: The people who had control over

the nitric oxide, who had control over administering it,

were unblinded individuals. They were respiratory

therapists or research staff.

They were not involved in the clinical care of the

baby and they were not involved in decisions of who was
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placed on ECMO and who was not.

They had guidelines and procedures in which they

had to report different information and were protective of

that information.

DR. KONSTAM: Could you just comment on how you

think it happened that seven children randomized to control

actually got nitric oxide, and what it means that six out of

those seven ultimately went on ECMO.

DR. EHRENKMZ: I think it means that not every

baby responds to nitric oxide, number one. Joe, if you can

shed some light on this, because I can’t.

Joe Hedder was the lead statistician for this

project.

MR. HEDDER: There actually were reasonable

reasons. We were actually doing two trials at the center,

one in CVH babies and one in non-CVH babies.

The CVH babies were randomized under coding A.

Non-CVH babies were randomized under the B code.

One baby was inadvertently randomized because the

coordinator thought A was active and B was control. There

are other instances that reflected -- I have a list here and

I could present them later.

In most cases, they were errors done in the

masking by the clinical people.

DR. KONSTAM: But it wasn’t a symmetrical error.

,
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Seven of the eight mistakes were in the direction of the

kids who were randomized to control getting

MR. HEDDER: That is correct.

DR. KONSTAM: It is a high number

It just seems odd.

MR. HEDDER: Actually, I think in

nitric oxide.

to begin with.

most trials

there are errors. If you want to call it high, I don’t

think I want to get into the argument.

Certainly, the FDA received the data that

indicated why these individuals were treated in that

fashion. Admittedly, I was part of the study, I have a

bias, but I don’t think it was because of the bias that

were unmasked. They were just errors.

DR. CALIFF: Actually, this is just a comment

Marv’s comment. The asymmetry, I think, is of a little

concern.

The frequency in a trial where you have got

incredibly ill patients and you are trying to do things

they

)...:...--,-,-.

on

in a

hurry, this is not an uncommon number of times to have foul-

Ups .

It is the asymmetry that is a major issue that

maybe can be explored more.

I have a question that, although the differences

in the use of high frequency ventilation and surfactant were

not significant, they were trending in the wrong direction.

.. . .- . ... ..-—...-.
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1 wondered if adjusted analysis for those factors,

even though they were not statistically significant, if you

put in to adjust for all the co-variants, do you still get

the same results, in a pure randomized analysis?

MR. HEDDER: I don’t have the exact analysis, but

we did do a logistics analysis with the co-variants at

baseline and got much the same result.

DR. EHRENKFANZ: I have a slide of that.

DR. PACKER: It wouldn’t address Rob’s question

anyway because you are adjusting for baseline covariants.

These are differences that occurred post-randomization.

DR. CALIFF: Right, and we had two treatments, and

one was high frequency ventilation and one was surfactant.

It just so happens that both of those were used more

frequently in the INO treated.

DR. EHRENKRANZ: Actually, they were both 70

percent in both groups, and 50 percent as pre-treatment

modalities. This is looking at the data whether they got

surfactants alone, high frequency alone, or whether both

were needed.

In each case, the addition of nitric oxide onto

previously therapies, nitric oxide clearly decreases the

incidence of the primary outcome.

DR. LIPICKY: I wonder if you would comment on

.006 is a pretty big number. Was your data safety monitoring

)
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like a number I would have stopped the trial on.

DR. EHRENKWZ: At the initial review -- I will

give a little bit of an explanation but I will defer to

Dr. Berger again.

They felt that if they could spare one child ECMO,

that it was worth it. Do you want to further expound upon

the timing of this?

DR. BERGER: The timing of the meeting was set.

It wasn’t a special meeting. It just so happened that at

that meeting there were 190 or 195 babies that we had

reported on.

At the time the meeting occurred, with pooling

coordinators and finding out where

were into 215 or 220 that we could

committee.

babies were, I think we

actually report to the

The committee had discussed, a priori, setting

guidelines and many of you are familiar with the values, and

then it was crossed.

We told them, of course, that at the time 235 had

been randomized, although we didn’t have the outcome on the

rest, and

summation

we had planned to go to 250.

I believe I can paraphrase the committee’s

and say that their concern was that waiting that

much longer could impact on babies.
“]-
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There are neonatologists and pediatricians and

statisticians on the committee that felt it was

inappropriate to wait any longer, because of the need for

ECMO in these babies”.

I think it is

cardiovascular clinical

DR. LIPICKY:

no different than the stopping of

trials on a single circumstance.

I think it is. Certainly it is not

a bad number when you are looking at it. From my point of

view because of the ECMO end point, it is not a very

convincing trial.

DR. EHRENKRANZ: With all due respect, I doubt

that with 250 it would have changed. I don’t think those 15

babies -- I mean, we did some analyses to show, in the best

and worst case scenarios, what would have been the relative

risk, and I don’t think it would have changed anything.

DR. LIPICKY: That is because you started out

thinking you were going to do a P .05 trial.

DR. EHRENKRANZ: That is correct.

DR. LIPICKY: That is not a very suitable way to

design a trial.

DR.

recall --

DR.

DR.

DR.

EHRENKWZ: Most cardiovascular trials, as I

LIPICKY: I disagree with

EHRENK~Z: We can argue

that.

extensively on that.

PACKER : “Let me suggest that this

.:-)
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philosophical issue will not be resolved today. We have not

even scratched the surface here. What you are showing here

are the nominal P values.

If you actually were pondering, according to

events, modification of the no prime boundary, it is that

boundary that is designed to protect an overall output of

.05. If you cross that boundary, YOU expect that output at

the boundary as .05.

DR. BERGER: What says is that the value is P less

than .05. It wasn’t actually calculated -- the P value has

to be adjusted somewhat up or down depending on your

outcome.

DR. PACKER: There is no known way of adjusting

that P value. All we can say is that

value.

DR. BERGER: I think we are

it is a nominal P

getting back into

philosophy. I don’t believe this trial was designed -- I

spent 24 years conducting clinical trials and I would argue

that this trial was conducted in every way up to the

standards of ‘most clinical trials.

DR. LIPICKY: Ten years ago.

DR. PACKER: Let me ask one question. You have

provided a lot of information about other things that

happened to these babies other than death or ECMO. In these

slides that talked about the occurrence of other non-fatal

*
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events, either during the period of study or during the

period of follow up, you commented that You were struck by

the significant degree of similarity, the frequency of

events.

I guess I was disappointed to see that. If INO is

so good or ECMO is so bad, that it is good to avoid ECMO, I

would have liked to have seen fewer concombinant bad things

that happened to the babies who got INO than the babies who

didn’ t. Do you have any comment?

DR. EHRENKRANZ: Yes, we would have liked to also,

but the major reason is that you are dealing with infants

for whom the mean oxygenation index was 45.

These infants were extremely sick at the time they

arrived. A lot of the outcome -- both CNS and respiratory

and other problems -- was very much related to the severity

of illness and the shape they were in before they were

either started on nitric oxide or started on ECMO.

so, what our hopes would be is to -- what this is

suggesting is that infants who are perhaps not as sick, who

have lower 01s, may actually respond better -- not 100

percent -- but may respond better and perhaps we will see

the kind of outcomes we would be coming from, less

hospitalization, less chronic lung disease, and see this

outcome.

DR. PACKER : Before moving to the next
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presentation, let me just ask those on the committee as well

as the presenters, to just keep in mind that the purpose of

today’s meeting is not the usual.

We are not here to determine whether the trials

pass the usual, or whatever would be a standard for

approval, because we are not here to judge approval.

We are really here to talk about design issues for

further trials.

ask us to judge

convince us one

Also, there are questions to the panel that

the degree to which the evidence would

way or the other, whether further study of

this agent is warranted.

The degree to which we would normally ask

questions about this trial probably needs to be subdued a

little bit.

I guess to a similar degree, the degree to which

the presenters go into the details of these trials probably

needs to be subdued as well.

DR. LINDENFELD: This data implies that the 01s

are not a very good predictor of who gets ECMO. I think

someone in the audience suggested that wasn’t the case, but

.

).,.,.:y...:.

this data certainly doesn’t show very much difference.

DR. PACKER: Dr. Temple?

DR. TEMPLE: I just want to put two place holders

down. I think the question of what the true P value is when

you stop a study early is more complicated and surely must
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involve, to some evolve, to some extent, on what the nominal

value when you stop it is.

It is true, that it preserves the overall outcome.

That doesn’t mean that the finding at the time you stop is

irrelevant .

It is a little like saying, if my critical value

is .05 and I get .001 more, I can say it is less than .05.

I don’t think

one.

The

most people

other thing

trials are still designed

behave that way anyway. That is

is I think it is true that most

, and they are still powered to

have a nominal P value of .05.

That doesn’t mean that that is a good idea, if

what you are trying to do is rely on a single study, which

may be what Ray was getting at.

I would not agree that standards are set for

trials that are routinely powered to be greater. I would

advocate that they do need power to be greater, and it is

important that patients be informed of that, but that is a

different discussion.

PARTICIPANT: I would like to make a comment about

the previous question about this slide, pertaining to 01 and

ECMO .

What you have to understand, this is initial 01

and these babies were randomized. Some of them got sicker

‘)
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and met ECMO criteria. They started with an 01 at 25 and

then had ECMO at 40.

Some babies came in and met ECMO criteria with an

01 of 60. They met ECMO criteria, and even if the 01 came

down to 25, we were still obligated to put those babies on

ECMO , even though they responded.

I think this slide really does indicate that there

is a better response at earlier 01s. I think it also

represents how people at most centers -- I think at our

center for sure -- stick to the ECMO criteria.

Even if we saw babies responding, and they still

met EC!MO criteria, we are obligated to give them ECMO.
..,<

DR. LIPICKY: One small question. How many of the ,.,,,,w.:.,)

babies in this trial had right to left shunts when

entered?

DR. EHRENKRANZ: Seventy-eight percent.

DR. PACKER: Let’s move on to the next

presentation.

Agenda Item: Clinical Trials. Wessel.

DR. WESSEL: My name is David Wessel. I

they were

am a

cardiologist and critical care physician trained in

anesthesia, at the Children’s Hospital.

We conducted a prospective randomized trial of

inhaled nitric oxide for the treatment of PBHM among

patients referred to a single large center, beginning with

I
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our first patient in September of 1992.

Our objective was to systematically introduce this

investigational therapy in a randomized fashion to all

patients with PBHM, allowing for interim analysis and

protocol for modifications until we, or others, could

demonstrate sustained improvement in oxygenation, superior

outcome with nitric oxide.

After two years, we analyzed

the result, but continued to randomize

important protocol modification, which

our data, published

patients with one

I will discuss later.

All newborns referred to Children’s Hospital with

a clinical diagnosis of PBHM were eligible for enrollment.
_..,,
._-—-.(

PBHM had to be confirmed with the patients breathing 100

percent oxygen and a P02 less than 100 millimeters of

mercury.

All patients were sedated and moderately

hyperventilated. They received inotropic support for blood

pressure and correction for acidosis was provided by

bicarbonate infusion.

All of our patients had to have echocardiographic

evidence of high pulmonary vascular resistance, and their

gestational age was all 34 weeks or later.

We excluded patients with congenital diaphragmatic

hernia, congenital heart disease, those patients with

multiple congenital anomalies and those patients who had

‘}
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echocardiographic evidence of low PBR.

so, you could have pulmonary hypertension, but if

it is all left or right, then that is low pulmonary vascular

resistant, and those patients were not included in this

study, trying to get more at the issue of pulmonary

hypertension itself.

After consent, we randomized our patients

recorded the baseline variables, which included the

post ductal oxygen saturation, arterial blood gas,

ventilator settings.

and

pre and

Then we began inhaled nitric oxide in those

patients who were randomized to receive NO at 80 parts per

million, and the control patients continued on conventional 1**S..

therapy.

We repeated all the measurements I described,

again, at 15 minutes, and then hourly for six hours, at

and 24 hours.

12

We reduced the inhaled nitric oxide to 40 parts

per million at one hour, and then we had set weaning

criteria. We weaned inhaled nitric oxide if the P02 was

greater than 60 and the Fi02 was .5 or lower.

Importantly, in this part of our study, we did not

permit concurrent use of high frequency osculatory

ventilation and inhaled nitric oxide.

It was possible to convert to high frequency

#
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ventilation at the clinician’s discretion

nitric oxide was discontinued during high

ventilation.

immediately, but

frequency

Discrete end points here were mortality,

utilization of ECMO, oxygen dependence at the time of

discharge from the hospital, and necrologic injuries in the

form of seizures or intracranial hemorrhage.

Our continuous variables that we analyzed were

oxygenation during the first 24 hours, oxygenation measured

at P02 over Fi02, and oxygenation index.

We enrolled 51 patients, but immediately

identified two patients as being mistakenly enrolled. One

of our patients had an echocardiogram taken a few minutes

after he arrived and received a diagnosis of heart disease.

The other patient had an erroneously written P02. Neither

of those patients received treatment under the protocol.

That left us with 49 patients, 26 for the INO

group, 23 in the control. As you can see, they were similar

in their age at entry, gestational, prenatal age, and the

baseline P02 is here, between 40 and 60.

Our analysis did not reveal any differences in

terms of the

being first,

hypertension

associated diagnoses, the meconium aspiration

the idiopathic persistent pulmonary

being second, and then pneumonia and more rare

diseases, related diseases, being later.

. ..—.—. . ...—
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If we look at the entire group of 49 patients in
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the first part of

mortality rate is

This is

patients who died,

this study, you will see that the

low.

an interesting point, because of the four

two had the pathologic hallmarks of what

is known as lethal alveolar capillary dysplasia. This was

found at autopsy.

A third patient had the clinical features of

alveolar capillary dysplasia, but we were unable

an autopsy on this child.

A third of our patients required ECMO.

to obtain

A quarter

of our patients had either seizure or intracranial

hemorrhage. Notice that none of these patients went home on

oxygen therapy.

There were no differences between the two study

groups in terms of mortality, use of ECMO -- eight in each

group -- days on the ventilator or days on oxygen.

However, there were marked differences in

oxygenation in this first part of our study. Here you will

see the percentage change in P02 over Fi02, shown on the Y

axis, for the inhaled nitric oxide group shown in orange,

and the control patients shown in blue.

This is compared to baseline, and this is a

statistically significant difference also compared to the

control population.
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Similarly, we saw the desired reduction in

oxygenation index in these patients at 15 minutes compared

to baseline and compared to the control patient population.

This reduction in oxygenation was sustained over

the first 24 hours. Here you can see the nitric oxide

patients in orange, the reduced oxygenation index continuing

below the baseline and is different from controls over

several time points shown here, at six hours and 12 hours

during the first 24-hour period.

The next slide shows that the P02 in the patients

who did go to ECMO improved in the patients who received

inhaled nitric oxide, where those from 41 to the median

value of s5, and improves compared to the P02 and the oxygen

saturation in those patients who went to ECMO in the control

patient population.

The time to ECMO is not substantially different in

the two groups, 2.5 hours in the control group and just over

three hours in the nitric oxide group.

We speculated that perhaps better oxygenation may

have helped with the tendency of intracranial hemorrhages

and seizures to occur less commonly in patients receiving

nitric oxide.

Here you can see that eight patients were affected

out of 23 controls versus four out of 26 patients who

received nitric oxide.
‘5;
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In summary, in the first part we saw that inhaled

nitric oxide improved oxygenation compared to baseline, and

compared to control during the first 24 hours.

We saw that ECMO use was no different between the

nitric oxide group

the limitations of

However,

and the control group, at least within

the study design.

during the period prior to ECMO, patients

on nitric oxide had better oxygenation compared to controls.

Nitric oxide patients had a tendency to have fewer

adverse necrologic sequelae from PBHM.

Finally, we saw that mortality from reversible

causes of persistent pulmonary hypertension is low in an

ECMO center, suggesting that mortality may not be a

reasonable variable to analyze except in very large clinical

studies.

Now , there are obviously a number of limitations

of this study. First of all, it is not a blinded study.

There are no dose response data. It has low tolerance to

detect small differences.

Perhaps most important, as Dr. Kinsella, Dr. Abman

and Dr. Clark have told us today, the high frequency

osculatory oxygenation strategy for improving recruitment

was not utilized in the first part of this study.

We therefore published our interim analysis and

modified our protocol simply to allow a concombinant

....,
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inhaled nitric oxide with high frequency osculatory

ventilation.

Randomization continued.

next 41 patients, the control group

INO group. Again, the age at entry

Here you will see the

20 patients, 21 in the

and other baseline

demographics are similar both between groups and compared to

the first part of the study with the 01 just at 30 or above.

Again, this is just the oxygenation index with the

ranges shown in parentheses here. You see that there is

indeed a reduction in this group also, very similar to the

reduction in the oxygenation index that we saw in part one

of our study.

However, notice that in the second part of the

study we looked at the utilization of ECMO. There was a 55

percent rate of ECMO use in the control group that was

reduced to a 14 percent incident

group.

If we analyze that for

in the inhaled nitric oxide

ECMO as the outcome

variable, again, we saw a significant reduction again for

ECMO .

There was no difference in the days on ventilator

or days on oxygen. We did not seem to prolong dependence

mechanical ventilation simply by virtue of giving inhaled

nitric oxide.

on

..,.
.-:
= -)“.

If we combine the children from part one and part

. . “--. —---
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difference between the two groups.

There is a significant reduction in the

utilization of ECMO, and obviously the power of the second

part of the study carried over to the entire group of 90

patients.

In February 1997, when we had apparently reached

our initial enrollment prediction, we were under intense

pressure from our clinical colleagues to examine our data in

light of the published data that had just been in print from

randomized multi-center trials.

AII advisory panel of physicians of neonatology and

critical care was convened. This included physician

representatives from the Brigham and Women’s Hospital, the

Children’s Hospital, the Beth Israel Hospital, the physician

chairman of our ethics committee and members of the

Children’s Hospital committee on clinical investigations.

Their recommendation, after reviewing our data and

reading the literature was that we should discontinue the

randomization, but continue the nitric oxide

They felt that it was unethical to

randomization in view of all available data.

[Applause.]

DR. ROTHSTEIN: David, within your

infants who were not placed on ECMO, was there any

protocol.

continue

Thank you.

groups, for

J
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difference in the time that they were ventilated to the time

that to ECMO?

DR. WESSEL: No, they were virtually identical.

DR. ROTHSTEIN: Then the improvement in oxygen had

no effect on the length of ventilation or the time to ECMO.

DR. WESSEL: That is right. I am also counting

time on the ventilator as time on ECMO.

DR. ROTHSTEIN: The children who did not receive

ECMO , the children who just stayed with mechanical

ventilation, not ECMO.

DR. WESSEL: There is no statistically significant

difference. We threw out the ECMO patients as part of our

analysis, and then analyzed with respect to oxygenation,

vasomechanical ventilation, et cetera, and they were the

same. Those were not different.

DR. THADANI: The first part of the study did not

show any difference between death or ECMO.

DR. WESSEL: Correct.

DR. THADliNI: SO, one could conclude that the fact

that you used a different mechanism, you were driving the

ECMO incidence higher. You could be harming the patients by

your ventilation technique, so you are driving the ECMO

incidence much higher in the control group than in the NO

group.

DR. WESSEL: I am sOrry?

).....’..
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DR. THADANI: In the second part

incidence of ECMO, 20 patients, and in the

was no difference.

is a very high

first one there

DR. WESSEL: I think eight out of 23 is very close

to the 50 percent we saw in the second part. Perhaps there

is a trend there that has not yet been revealed, but I think

I would argue that the incidence of ECMO in the first part

was very similar to that in the second part.

DR. LIPICKY: What was the incidence of right to

left shunts in the data that you had?

DR. WESSEL: More than 80 percent. Part of it

depends on whether you call bidirectional shunting evidence

of left to right shunting.

DR. LIPICKY: The second question is, was this

combined end point written down somewhere in the first or

second or third draft of the protocol?

DR. WESSEL: The combined end point?

DR. LIPICKY: Of death and ECMO.

DR. WESSEL: The first draft of it was six months

before the protocol began and it never changed after that.

DR. LIPICKY: So, that end point was in there.

DR. WESSEL: Absolutely.

DR. LIPICKY: The final P value for the combined

end point?

....,
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DR. WESSEL: Of death and ECMO?
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DR. LIPICKY: Yes.

DR. WESSEL: Was .12 for the whole group of 90,

not for the second part.

DR. LIPICKY: The overall study result was what?

DR. WESSEL: Was .12 for the entire group of 90

patients with death and/or ECMO,

DR. LIPICKY: And .12 means you found something?

DR. WESSEL: No, I think that the committee that

reviewed the data looked at part two of our study and knew

that we had made one change in the protocol and had a

reduction in death or ECMO that was statistically

significant .

DR. LIPICKY: The second part of the study.

DR. WESSEL: Right. The original power prediction

was for 90 patients. I thought for us to be intellectually

honest, it was important for us to look at the entire group

of 90 patients.

DR. LIPICKY: SO, the entire study did not find

it.

DR. WESSEL: For death or ECMO, we show improved

oxygenation and reduction of the use of ECMO.

DR. LIPICKY: That is fine. So, the decision that

you found something and it was no longer morally or

ethically feasible to continue was based on a subgroup

analysis of the whole trial?

,
4

)
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DR. WESSEL: Right.

DR. LIPICKY: What was that P value?

DR. WESSEL: .040

DR. LIPICKY: And that was uncorrected for

multiple looks, because that whole data set had been

analyzed before?

DR. WESSEL: Correct.

DR. LIPICKY: You had analyzed the first part of

your study and that protocol end point was part of your

preliminary definitions of what you were going to look for.

DR. WESSEL: Right.

DR. LIPICKY: So, it was at least your second ..

look; maybe it was your third or fourth or fifth. .)~.+=..,

DR. WESSEL: It wasn’t the third or the fourth or

fifth.

DR. LIPICKY: It was at least two.

DR. WESSEL: We looked at the 90 patients two

times. The decision, this is after the NINOS trial was out,

the Roberts trial was out. There was a lot of information

there.

We were still randomizing patients.
There was a

tremendous amount of heat in the community, both locally at

Harvard Medical School and the faculty.

DR. LIPICKY: I just wanted to know what the facts

..,.
“i

were.
.!
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DR. WESSEL: I understand. These are ministers

and lawyers along with many of the doctors on the committee,

and they made this recommendation. So, that is where I had

to go.

DR. THADANI: On that issue, you show in the

overall trial there is no significant difference in either

death or ECMO; is that correct?

DR. WESSEL: Right.

DR. THADANI: That means the utilization of the

oxygenation index was of no value in predicting outcome;

would you say that? You said there was better oxygenation

with NO. Yet, it is not translated to outcome differences

if you combine all the patients.

DR. WESSEL: There was better oxygenation,

decreased utilization of ECMO.

DR. THADANI: Not if you combine the whole group.

There is no difference. Not taking the second group and

showing the differences, but if you put your boundary

hypothesis of a 90-patient data base, there is no

statistical difference between the two groups, either death

or ECMO, irrespective of oxygen.

DR. PACKER: There is every possibility there is a

power issue here and let’s not make any more of that. There

is no way that the hypothesis has either been proven or

disproven based on the data which are available.

,“-.
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DR. SESSLER: I think it just makes a difference

how you ventilate the patients. Can I just make that point?

There are patient populations who receive one thing and

there is a big difference.

In the spirit of Dr. Packer, we are here to try to

learn a little bit more about that, and that is really the

only reason I presented that data.

PARTICIPANT: One thing that I thought was really

interesting was the fact that you had a substantial

improvement in oxygenation with IMO, where as the incidence

of ECMO use wasn’t any less in the first study.

In the second part it changed dramatically. I

guess there you again have a similar magnitude of

improvement of oxygenation, but the use of ECMO fell

dramatically.

threshold

question.

Was there any change in the criteria or the

that you all used for instituting ECMO?

DR. WESSEL: That is obviously al very important

We did look carefully, as best we could, at the

01s just prior to cannulation and in the other patients who

weren’t cannulated as well, to see if they were different in

part two or part one. They weren’t.

I think in an unblinded trial there is a possible

bias working both ways here. In the first part, if you drag

your feet another 30 minutes, things might change.
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We have an ECMO group that was intent on, when you

meet criteria, you get cannulated. They would hover, you

know, until we had two successive 01s that were above 40.

I think we were able to look at the reason of --

what was different. Was it just high frequency ventilation?

Their oxygenation was better and therefore they didn’t get

ECMO and that is really the bottom line.

DR. CURRY: I think the answer to that question,

to my eye, randomly there was a markedly significant

difference between those two groups in the first 20-

something patients with a C02 difference of 20, 60 versus

40, if I am remembering right.

If you were strictly going by the qualifying

criteria, that blunted the need for ECMO. There was an

unfortunate difference in the groups.

On analysis I think it was again a power

difference. It wasn’t statistically a difference, but we

had a P02 of 47 in the NO group and a P02 of 64, I think, in

the control.

DR. WESSEL: In the world of ECMO, that is

significant .

DR. CALIFF: Two questions that are not easy

questions. You are convinced that changing the mode of

ventilation made a big difference in the result.

Your statistical end points for that, did you do
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some kind of test for interaction?

DR. WESSEL: Yes.

DR. CALIFF: That was?

DR. WESSEL: I don’t have the curve, but we did a

regression analysis looking at probability of ECMO versus

entry 01 for the four kinds of therapy -- conventional, high

frequency, conventional with nitric, high frequency with

nitric.

The group that comes way out to the right with

reduced probability is high frequency with nitric oxide,

statistically significant from all the others.

We did do a regression analysis looking

specifically at this issue.

DR. CALIFF: The second question -- this is really

a tough one, but we are in an era where we are going to try

to understand how to treat children.

I get a sense that there is a belief that the

criteria for stopping trials with children should be

different from the criteria in adults. Do you have an

opinion on that?

DR. WESSEL: I think that is a little bit of a

philosophical question.

DR. CALIFF: But it is a key question.

DR. WESSEL: It is. Those are the facts on the

last slide. If I were as scientific as Dr. Lipicky, I might
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have jumped up and down and said, this is wrong; this is

wrong.

I can tell you that I did say that a

when these other data first came out. I think

answer to your question that, if possible, the

stopping trials is different, but I am not the

if that is right or wrong.

year before

that the

criteria for

person to say

DR. PACKER: Let me follow up on that. We have

questions before us from the agency to address the issue of

further trials with NO.

You are coming from an experience where a duly

.. empaneled committee of non-involved physicians and IRB
.--ij

chairmen advised you to stop what you were doing, based on

the data that you showed them and showed us.

Based on your own personal view, do you think that

further trials with inhaled nitric oxide are unethical?

DR. WESSEL: I think that further trials that

randomize patients to placebos are unethical. I believe

that there are other ways to do trials that can give us more

information.

I think having a placebo-controlled trial for this

disease, with well-selected patient populations would not be

ethical.

DR. PACKER: If the data that you have shown us,

although it may have been persuasive to your ethical

s
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committee, is not persuasive from a regulatory sense, how

would you design any further studies to demonstrate that

this agent was effective for anything?

DR. WESSEL: I think there are a couple of ways to

do that. First of all, I think we can spend three minutes

at the end, and I will have a few slides to summarize at the

end, looking a little bit at a meta analysis.

You will see that these trials are different with

different people but they have end points that are similar

and there is some validity in doing a meta analysis in 538

patients. I think we need to look at that.

Then I think we need to think about alternative

ways to do trials. One of the trials is, even though it

won’t give us a long-term safety issues, is to do a cross

over trial.

Perhaps as the NIH group are suggesting, do a

nitric oxide trial for those patients who have an 01 under

25, whereas anyone over 25 is not in a randomized trial.

We can do randomized patients in certain

categories where we cannot say with the same degree of

confidence that this is a good drug.

DR. PACKER: A cross over trial

ECMO as a primary end point? That sounds

using death

hard to do.

DR. WESSEL: I would say that first of all,

can have a non-randomized trial with 01s less than 25

*

or

you

that
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does not cross over. Personally, I think that could be

designed.

I think that is much harder for children who have

a high probability of dying if they don’t get cannulated for

ECMO now. I think that would be a much more difficult trial

to have a placebo-controlled group.

DR. PACKER: Okay, why don’t we proceed to the

next presentation.

Agenda Item: Clinical Trials. INOSG .

DR. ROBERTS: I am Dave Roberts. Iama

neonatologist and a staff anesthesiologist at Massachusetts

General Hospital.

I am here to present the results of a trial

whereby we tested whether there was a difference between

oxygenation in full-term infants with hypertension in

neonates.

There are several studies that inhaled nitric

oxide is a selective vasodilator. So, we tested that in

full-term newborn lambs.

We referred them at term from a Cesarean section,

anesthetize and ventilate them and were able to add

catheters, by which we could measure pulmonary artery

pressures, and ultrasonic throat probes by which we could

measure blood flow of these newborn lambs.

We then obstructed their pulmonary circulation by
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having them breathe at oxygen up to a level of .1, which

acutely increased pulmonary pressure.

In this lamb, it changed the blood flow from left

to right, to here right to left. As you can see, with the

introduction of nitric oxide into the ventilator, despite

continued hypoxia, there was a rapid reduction in the

pulmonary pressure, reversal of the blood flow, and there

was no systemic drop in aortic pressure and the blood flow

went back to preliminary control levels.

When the nitric oxide was discontinued, despite

still breathing oxygen, there was rapid

vasopulmonary constriction.

When one does a dose response

recovery of the

curve in these

newborn lambs with hypoxic pulmonary construction, if you

look at the pulmonary vascular resistance to with increased

10 percent oxygen breathing, there is a significant

reduction in pulmonary vascular resistance at 25 parts per

million, maximum reduction at about 80 parts per million.

Despite breathing 160 parts per million of nitric

oxide, there was no drop in systemic vascular resistance.

so, this suggested that nitric oxide is a

selective pulmonary vasodilator in the newborn pulmonary

circulation.

With this information, at Massachusetts General

Hospital we performed a trial of inhaled nitric oxide in
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babies that were referred to our center for ECMO.

We were able to introduce nitric oxide into the

ventilator prior to the cannulation of the babies.

As you can see here, when we look at P02 levels,

there was no difference in decreasing the Fi02 level from

1.0 to 1.9 to make room for the inhalation of nitric oxide.

With inhaling 80, 20 and 40 parts per million of

nitric oxide, there was a significant increase in the post-

ECMO P02.

so, in this pilot study it suggested that nitric

oxide might be important in increasing systemic oxygen

levels in infants referred for ECMO because of TPHM.

so, as a result of that, we generated a hypothesis

that inhaled nitric oxide could increase systemic oxygen

levels as conferred with conventional inhalation without

nitric oxide.

In addition, inhaled nitric oxide would not

importantly increase systemic blood pressure levels.

The way that we approached this was through a

multi-center sort of design, where it was prospective,

randomized and placebo controlled and there was a double

blinding occurring in this design.

A number of centers were involved, including San

Francisco, Buffalo, Dallas, Connecticut, Chicago and

Philadelphia.
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We included full term babies with persistent

pulmonary hypertension in the newborn, as diagnosed by

echocardiogram.

In addition, they had to have severe systemic

hypoxemia, as defined by a P02 of less than or equal to 55

millimeters of mercury obtained over a half hour period of

time while they are breathing Fi02 1.0.

We excluded babies who had previous treatments

with ECMO or high frequency osculatory agents, as well as

those with a congenital diaphragmatic hernia or suspected

lung hyperplasia, congenital heart lesions aside from a PEA

and PFO, those who had hypertension, polycythemia,

unevaluated pneumothorax or a phenotype consistent with a

chromosomal abnormality.

Babies who had previously been treated with

exogenous surfactant but still had systemic hypoxemia were

enrolled in a parallel study, but their data was kept

separate until after the interim analysis was performed.

There were two phases for this study, an acute

treatment phase and a chronic treatment phase. During the

acute treatment phase, the first step was to evaluate the

effects of decreasing the Fi02 from 1.0 to .9, to allow for

treatment with either nitric oxide gas or equal flow

nitrogen gas, the control gas.

If, after decreasing the Fi02 from 1.0 to .9, if
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put them on then
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the C02 did not decrease by 15 percent or

or equal to 25 millimeters of mercury, they

to be treated with treatment gas.

The treatment gas consisted of either zero or 80

parts per million of nitric oxide in nitrogen. After 20

minutes period of time, a blood gas and a blood pressure

were obtained.

A gas was considered to be successful if it

increased post-FiC02 of greater than 55 millimeters of

mercury, decreased oxygenation index of less than 40, and

also having

millimeters

treatment.

blood pressure greater than or equal to 40

of mercury. This is what defined a successful

During the cross treatment phase, the inhaled

nitric oxide or nitrogen was continued at a lower level in a

blank fashion.

It was decreased twice daily. If the oxygenation

index was greater than 40, then the patient would exit the

study .

The Fi02 ventilation was removed as per usual

clinical practice, and the decision for ECMO was up to the

physician caring for the patient, and was determined in a

blinded fashion using the usual criteria.

Now , we had a safety and monitoring committee

which consisted of three members. The first task was for

*
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them to look at the results whenever we had 20 patients

involved.

It confirmed the assumptions that we used in our

initial analysis. At that time it was planned that we would

do interim analysis when we reached 50 and 75 patients, and

we would stop the inhaled nitric oxide if the systemic

oxygen significantly increased when compared to the control

gas.

Now , we performed the first analysis at 50

patients and at that point inhaled nitric oxide was found to

importantly increase the systemic oxygen levels, without

decreasing the systemic blood pressure.

It was decided to stop the study at that point.

At that point there were an additional eight patients who

had previously been treated with surfactant.

The data combined for these patients, for a total

of 58 patients, were combined for the analysis.

As you can see here, in those who received the

control treatment versus those who received inhaled nitric

oxide, there is no important difference in the gestational

age, the birth weight, number of males and females, the

APGAR scores, the incidence of meconium aspiration syndrome,

unevaluated pneumothoraces, or bacteremia that were

obtained.

In addition, there was no important difference in
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the type of baseline ventilator or blood gas values in the

control or patients who had received inhaled nitric oxide.

I want to highlight here that all the patients had

severe systemic hypoxemia, despite breathing in 100 percent

oxygen when the baseline ventilator and blood gas values

were obtained.

This corresponded also to an oxygenation index

that was 46 in the control group and 43 in the inhaled

nitric oxide group.

This is a look at the short-term effect of inhaled

nitric oxide on systemic oxygen levels. It is baseline

versus 20 minutes after treatment.

The control group are shown by the light blue

boxes and the orange boxes are inhaled nitric oxide. As

shown here, there is no significant difference between the

two groups at baseline.

However, after treatment with inhaled nitric

oxide, there was a significant increase in the post-Fi02

level .

This corresponded also with a decrease in the

oxygenation index, as shown here. There was no difference

at baseline oxygenation index between the two groups, and

with inhaled nitric oxide treatment, there was a significant

reduction in the oxygenation index.

As far as looking at the incidence of ECMO, as

,, . . . .
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who did not

the inhaled

treatment.

the percentage of patients in the

receive ECMO was only 29 percent.

group, 60 percent did not require

231

control group

For those in

ECMO

This is a profile of patients who were breathing

inhaled nitric oxide, to look at the effects on the

oxygenation index over the days of treatment.

As you can see right here, for patients who were

breathing inhaled nitric oxide, again there was a decrease

in 01, and this persisted throughout the treatment course.

The longest course was eight-and-a-half days for these

babies .

Seventy-five percent of the babies who had an

initial response of a decreased oxygenation index persisted

throughout the treatment.

This is a profile of the proportion of patients

who were inhaling nitric oxide. As you can see, about half

the patients were off nitric oxide by about two days of

treatment, and the longest treatment, as I mentioned, was

eight-and-a-half days in our patients.

This is looking at the inhaled nitric oxide level,

the median methemoglobin level in patients breathing inhaled

nitric oxide.

As you can see here, whenever we were able to

decrease it twice a day, there was a significant reductjon.
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By two days they were down to about 20 percent. Again, it

went out to about eight-and-a-half days.

The median levels are shown here. The one baby

who was breathing 80 parts per million had a significant

increase in his methemoglobin level, up to 18 percent. That

subsequently decreased, as the inhaled nitric oxide level

was able to be decreased as per protocol, and with treatment

with vitamin C.

Nevertheless, despite that hemoglobin level, there

was no systemic acidosis in that patient.

Now , criticisms for the use of inhaled nitric

oxide is that with ECMO you could rest the lungs, go to a

lower Fi02 requirement, use less pressure, perhaps have less

trauma. With inhaled nitric oxide, with the increase in

post-Fi02 oxygen levels, you would still need to ventilate

them, perhaps with high levels of oxygen and pressure.

What we did in this analysis was to compare babies

who were in the control group -- that is, were not treated

with inhaled nitric oxide -- but who did receive ECMO, with

those babies who had successful treatment with inhaled

nitric oxide without ECMO, looking at the number of days of

ventilation, oxygen, and hospitalization.

As you can see here, there is quite a bit of

variability within the group.

Looking at them, there appears to be no big

.. 7-. . . . . . . . . . . . . . . . . . . ., .,,, ,. ..,, ., .-,
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difference in the number of ventilation, oxygen therapy or

days of hospitalization, and those treated with ECMO or

those treated with inhaled nitric oxide alone.

As a result of our study, we promote an acute

inhaled nitric oxide treatment. It increases systemic oxygen

levels and it does not appear to fully decrease systemic

blood pressure.

Chronic treatment with inhaled nitric oxide

appears to decrease the requirement for ECMO and does not

increase methemoglobin levels. Thank you.

[Applause.]

DR. PACKER: Just a quick question. I know the

ECMO analysis is post hoc. Did you do a post-hoc analysis of

death plus ECMO, given the importance of always defining

outcomes with the ECMO?

DR. ROBERTS: We did not make that end point in

our trial. However, that was made in looking at our data

post-hoc.

They found, from what I understand, very similar

differences with inhaled nitric oxide decreasing that post-

hoc .

DR. PINA: I think early on this morning we were

hearing there were some differences in centers as to the

criteria for using ECMO.

You started off by saying that these patients had
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been referred to your institution for ECMO because they had

met criteria wherever these children were before.

Once you receive these children, do you have any

data as to how different your ECMO criteria was from the

criteria at the other centers? In other words, would they

have met the same ECMO criteria at your center?

DR. ROBERTS: I think what I was referring to is

that the babies were referred to our center for ECMO. That

was during our pilot study.

During our control study, multi-center study, a

number of those babies were actually inborn, and were not

referred in.

Now , there has been some talk about a variation in

ECMO criteria in each center. We do not believe that we

could get a group of neonatologists in one room and decide

what would be the optimal levels to choose prospectively.

What we chose to do in our study was to maintain

the blind of the treatment, and let them use the

institutional requirements for the definitions at that

point, with the assumption that there would be very little

bias for the institution with ECMO, based on whether or not

there had been previously inhaled nitric oxide or control

treatment.

DR. GRINES: I am a little confused about the

hemodynamic responses to inhaled nitric oxide. Apparently
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the pulmonary artery vasodilators that many of these other

articles commented on how the wedge pressure goes up with

therapy.

I was wondering whether some of the responses were

due to the elevation of wedge pressure.

DR. ROBERTS: Well, we typically don’t measure

wedge pressure in babies. I would presume that a number of

them did not have that failure. So, the incidence of wedge

pressures would not be high. I am not sure where

vasodilation occurs in inhaled nitric oxide.

DR. GRINES: I think I saw your earlier slides,

when you were showing animal data, there was actually a drop

in arterial blood pressure but the FBR remained identical.

Wouldn’t you assume that there would be a drop?

DR. ROBERTS: That is a very interesting thing to

pick up on. Let me go back to that. Are you referring to

this one?

What I think you are referring to, perhaps, is

here is we have them breathing from .21 to 2.10. As you can

see, just looking at flow, this is an ultrasonic flow probe

put in the thoracic aorta.

There is actually an increase in blood flow to the

lower carcass. It is very interesting that with nitric

oxide inhalation there is a reduction in blood flow.

I am not sure why this occurs. It i.svery
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interesting to me, but it did seem to be something that we

saw here.

Looking at pressure itself, there was really no

change in systemic pressure with nitric oxide.

DR. GRINES: Did you find that in your babies?

DR. ROBERTS: What we did do was, we defined

prospectively a drop in blood pressure where the mean would

be less than 40 would be significant, and we used that as

our composite end point when we looked at the definition of

success or failure.

We did measure -- record -- mean blood pressures.

It was interesting that whenever there was a decrease in the

Fi02 from 1.0 to .9, there seemed to be a little decrease in

the mean blood pressure.

The majority of the decrease was during the

initial decrease in the Fi02. Then, with going on and

starting inhaled nitric oxide, there was very little change,

I think only a change of one millimeter mercury pressure in

the mean pressure.

DR. GRINES: The final question is -- I think Dr.

Lipicky was referring to this -- how much of a change on

oxygenation could be do to alteration of the shunting,

versus actual alterations in oxygen uptake.

DR. ROBERTS: I do not know that from our data.

We did not collect information about the number of babies

*
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who were bidirectional versus who got the shunt. I do not

know that information from our data.

DR. GRINES: I wonder if any of the other

presenters do?

DR. WESSEL: I do.

DR. PACKER: Could you repeat the question?

DR. GRINES: It seems like all these babies have a

right-to-left shunt. A lot of the differences in

oxygenation could be due to the differences in shunting.

DR. WESSEL: That is an absolutely correct

analysis. We think and hope that much of the alleviation of

hypoxemia is due to taking away the right to left shunt,

especially for ductus arteriosus.

With respect to the ductus arteriosus, the changes

in pulmonary blood flow that one sees can simply represent

the reversal in blood flow across the ductus in the neonatal

lamb model,

We have studied it in a number of newborns and

other children, after cardiac surgery and in the cath lab. I

think we can say with confidence that inhaled nitric oxide

does not lower cardiac output.

It does not raise the wedge pressure in these

kinds of situations. It might in severe methestenosis. It

certainly doesn’t lower the cardiac output in some children

who are very severely -- remember, many of these babies have
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super-systemic pressure in the pulmonary artery. It can

reduce the outflow of the right ventricle.

It proves much different and more dramatic than

the adult ARBS patient population. We have had patients

with systolic pressures in the area of 130 millimeters of

mercury, and we have the data for over 500 patients with PA

lines in, measuring outputs. We chose not to present those,

I gather, today, but I would be happy to get you that, with

direct measurement.

PARTICIPANT : I have studied the newborns with

echocardiography before and after, and also crossed over. I

can’t say that the hemodynamic changes that are proposed do

occur, but whether they have a closed vectus or an open

vectus arteriosus, there is an improvement.

It is possible that there is a slight decrease in

cardiac output because of the decrease in oxygenation. We

can also say that the patients who crossed over and had an

IO over 40, that the reason they crossed over was because

they had the shunt increase.

DR. GOLDSMITH: As opposed to the previous study,

you achieved your results using conventional ventilation.

Was there any strategy that was used, is there any specific

strategy from Dr. Wessel in terms of rib expansion or other

things that make a difference in terms of using osculatory

ventilation?
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Why do you have your results with conventional and

Dr. Wessel could not achieve this?

DR. ROBERTS: Well, at the time we started this

study, which was back in 1992, we tried to really minimize

the amount of variability prior to enrollment in this study.

For that reason, we got rid of all the patients

who had lung hyperplasia or other forms of congenital heart

disease.

At that point, there was a lot of data suggesting

that HIFB was very efficacious and very important for

recruiting.

At that point,.% we decided as a group to not
:2==+

include those babies because of the variability that that

modality might impart on our results.

So, what we did is, we chose to use conventional

ventilation. We did not in advance set any kind of criteria

for ventilation or any kind of goals along those lines.

We just let whatever was being done in clinical

situations be the determinant prior to randomization.

DR. WESSEL: I think Dr. Roberts said there may be

fewer patients who had pulmonary parenchymal disease that

would be addressed by that recruitment strategy.

Also, in the study that was presented, the P02S

were lower to begin with. You had to have a P02 of 55 to

get into the study, where in our study you had to have a P02
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under 100.

so, I think there are some differences that may

reflect what the underlying disease was, where a high

frequency ventilator strategy may be more applicable in one

population than the other.

DR. LIPICKY:

in your study?

DR. ROBERTS:

DR. LIPICKY:

DR. ROBERTS:

DR. LIPICKY:

hypertension?

DR. ROBERTS:

DR. LIPICKY:

DR. ROBERTS:

directional shunting.

The incidence of shunts in the kids

We did not stratify that.

So, you do not know.

That is correct.

But you know they all had pulmonary

Yes.

How did you know that?

They had bidirectional shunting or

But I don’t know the number of

patients that had right to left.

DR. PACKER: Okay, before we go on to the next

presentation, just to clarify one question to Dr. Wessel,

your final presentation, the clinical summary presentation

will be presumably on a number of combined analyses across

the trials; is that correct?

DR. WESSEL: Yes .

DR. PACKER : Given the nature of today’s hearings

-- that is, it is not for approval or non-approval, given
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the fact that the committee has not attempted to analyze any

of the individual issues, I think we will probably be best

off if we skip that small summary and went on to the next

presentation on the Ohmeda trials and make that the final

presentation.

DR. WESSEL: Let me point out that there are only

three slides on the trial summary, and we can skip those.

It does summarize the feeling of at least the presenters

with respect to very important issues with regard to

appropriate end points and conclusions and opinions.

DR. PACKER: Okay, three slides.

Agenda Item: Clinical Trials - Ohmeda 01/02.

DR. STRAUBE: My name is Richard Straube. Iama

pediatrician hired by the company formerly known as Ohmeda.

I am going to be presenting the results of a multi-center

trial.

This trial was originally designed as two phase B

trials which had identical -- this was a randomized,

placebo-controlled double-blind trial which enrolled full-

term infants with cardiographic evidence of pulmonary

hypertension.

Patients had to have a Pa02 of less than 100,

breathing 100 percent of 02 and had to be less than 72 hours

of age.

Patients received either a nitrogen placebo or 80

.
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ppm of INO. The prospective defined end point of this trial

was one of the following four bad outcomes: death, ECMO,

necrologic damage defined as either seizures or intracranial

bleed, bronchopulmonary dysplasia.

When this trial was initially designed in 1992,

there were two new treatments that were beginning to be

used.

They had no evidence of efficacy and were felt to

potentially have some sort of adjuvant effect, and so this

trial elected to exclude any patient receiving surfactant or

high frequency osculatory ventilation.

All patients were standardized on the infant

star(?) ventilator and used the same delivery device.

The trial was originally scheduled to enroll 320

patients. Unfortunately, during the conduct of the trial,

the use of surfactant and high frequency became much more

frequent and enrollment dropped rapidly.

Then with the announcement of the NINOS data in

early 1996, our enrollment fell to approximately two

patients a month, and we elected to halt the trial when 155

patients had been enrolled.

There were approximately 40 patients in each of

those groups. Patients were approximately 24

at the time they were enrolled.

60 on 100 percent oxygen and the

The Pa02 was

01 was about

hours of age

approximately

25.

s
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The patients in this trial compared to the NINOS

trial were a little bit younger and a little bit less ill at

the time of randomization.

When INO was started, the 02 increased

dramatically with the NO, went up slightly in placebo. The

difference both from baseline as well as the difference

between placebo and the NO was statistically significant. P

was .001, and this was maintained for four hours.

Similarly, the change in oxygenation fell more

dramatically in those receiving NO than in those who

received placebo and, again, this was maintained.

Looking at the primary end points in this trial,

they were a composite of what we call PPHN major sequelae.

It decreased 59 percent for the placebo group, 52 percent

for the NO. This was not statistically significant. As yOU

can see, there was no dose response apparent.

We also looked at a post hoc analysis of death and

ECMO in this trial. Again, this was a reduction from 37

percent down to 28 percent with NO. This 24 percent

reduction was similar to that seen in the other trials.

Again, because of the size of the trial, this was not

statistically significant, and again, no dose response was

seen.

Adverse events were collected and the types and

frequency of adverse events with similar dose groups, there

s

.,. - .... . .



--),-,.-.,_-
244

=+=-4

were no significant increases with the exception of

methemoglobinemia.

Thirty-three of the 37 patients receiving 80 ppm

had methemoglobin levels above seven percent.

We standardized the measurements of methemoglobin

by using the same brand and model of cooximeter to measure

it, at each of the 25 sites that participated in this trial.

As you can see, there is a nice dose dependent

increase in methemoglobin from placebo by 20 to 80. In

those patients receiving the 5 and 20, however,

methemoglobin rarely went above two percent. In those

patients with 80, there were a substantial number that went

high.

Again, those patients who had greater than seven

percent methemoglobin had the dose of inhaled nitric oxide

reduced or discontinued.

Similar findings were found when we looked at N02

levels. Again, placebo 5 and 20 at very low levels

throughout the course. However, those patients did have

substantially higher levels of N02 measurement.

A summary of the acute data, the trial

prematurely and therefore had insufficient power

efficacy analysis proposed.

There was an acute response to inhaled

was halted

for the

nitric

oxide, decreased incidence of ECMO. However, this was not

8
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statistically significant.

The acute NO appeared to be safe and well

tolerated.

In addition to our acute follow up, we had

prospectively planned that all patients would be seen at 12

months of age for follow up.

Of the 155, 100 of those patients, 92 percent of

the patients we have vital status and approximately 80

percent necrologic data, somewhat smaller numbers of

patients who had complete audiology done.

We had no late deaths in this trial. There was no

statistical difference between the two groups with respect

to deaths, no dose response.

Similarly, if you look at those patients who were

evaluated by a pediatrician, looking whether they had no new

necrologic abnormalities, we see very similar distribution,

no difference between placebo and pool and no dose response.

Similar findings were seen with cerebral palsy,

which was a specific

was examined for, no

Similarly,

type of necrologic abnormality which

difference between placebo and focus.

looking at hearing, looking at no

hearing abnormalities, mild or major, no difference between

placebo and pooled, no dose response.

Looking at motor performance, again, very similar

numbers of normal motor performance in the placebo versus
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pooled, no dose response.

Overall, physicians were asked to asses the

condition as normal, mild impairment to severe impairment.

No difference in distribution between placebo and pooled,

nor was there any dose response.

In summary, we have follow up data on between 70

and 93 percent of the patients and there is no difference

looking at these patients at one year of age with respect to

mortality, developmental delays, hearing abnormalities, and

no lung dysplasia. Thank you.

[Applause.]

DR. PACKER: Let me begin, just two quick

questions. The medical reviewer notes that in this trial,

at the end of one year, 14 percent of the patients in the

control group were taking ambulatory oxygen -- no, 14

percent of the patients in the NO group were receiving

ambulatory oxygen versus zero in the control group; is that

correct?

DR. STRAUBE: Yes.

DR. PACKER: In his review he questions what the

significance of this might be. He suggests the possibility

that this may be a long-term manifestation of the toxic

effect of NO potentially through N02. Do you have any

comments?

DR. STRAUBE: Yes. First of all, I think the
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numbers are very small, so it is hard to draw too much

significance from that.

Second of all, if you look at the actual duration

of treatment, it was substantially lower in those patients

receiving NO. So, although there were more patients, most

of them were on it for much shorter periods than those

patients in the control group.

DR. PACKER: Let me ask. If you use the composite

here which is more comprehensive than the composite that has

been used in other trials, this composite is that ECMO

neurological sequelae and bronchopulmonary dysplasia, based

on the conversations we had earlier, we think that more

comprehensive ECMO/mortality data may have the advantage

over less comprehensive measures.

At least three of the four components are measures

of direct clinical outcome as opposed to ECMO, and that was

a prespecified primary end point.

DR. STRAUBE: That is correct.

DR. PACKER: The effect on that primary end point

was not statistically significant. Based on these data, do

you think that further clinical trials, placebo controlled

trials, with this agent are unethical?

DR. STRAUBE: Based on this trial, no. Based on

what we have heard today, yes.

DR. PACKER: Let me ask a question. For what
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reason would you think that the results of other trials that

we have heard today should be held in higher regard than the

results of this one?

DR. STRAUBE: This trial was halted prematurely,

with less than half the patients anticipated actually

enrolled in the process.

I also think there may have been a certain amount

of selection bias because we were excluding all patients

receiving surfactant and high frequency.

I think that criteria probably changed over the

three years that this trial ran. I am not sure how

representative these patients are.

DR. PACKER: But this was a double blind, placebo--

controlled trial.

DR. STRAUBE: Yes, it was.

DR. PACKER: Which has substantial design

advantages over some of the open label experiences we have

heard about.

DR. STRAUBE: Yes.

DR. PACKER: Yet, you would count those and put

more emphasis on those than this?

DR. STRAUBE: I think that you have to look at the

evidence as to whether or not there is benefit from this

therapy.

DR. RODEN: Can I ask you or someone else to

I
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comment on the lack of dose response relationship,

specifically the possibility that there is a mechanism of

action with this compound with some sort of beneficial

effect that is dose related and the classic effect that

appears at higher doses, that created a U-shaped dose

response curve?

DR. STRAUBE: Certainly in our trial there was a

lack of dose response. I think that is compatible with the

fact that you have achieved all of your responses at the

lowest dose tested.

Certainly some of the data which was presented

this morning would suggest that there is a point at which at

least in pulmonary selectivity for NO vasodilation. There

is data which saw clearly that if you get too high doses,

even poorly ventilated areas, YOU get enough NO to get some

vasodilation.

Then you begin to lose the interests of the A02.

so, I think yes, you can go too high and lose some of the

selectivity.

DR. GOLDSMITH: A comment on stopping this study

prematurely. Again, back to what I mentioned earlier, the

demographics of babies being born in this country and

getting to ECMO centers where there is the INO protocol.

Generally, by the time the baby gets to these

centers, it is the first hospital they have been in the

,.
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first 24 or 48 hours of their life.

They are born in a community hospital. They are

sent to an NICU which is one out of four hospitals in this

country. Then they are sent to an ECMO which is one out of

fifteen.

By that time, they have gotten high frequency

ventilation, surfactant, or anything the neonatologist could

have thrown at them in the first two hospitals.

The old thing that if your only tool is a hammer

and the problem looks like a nail, these babies get all

kinds of therapies before they get to someplace that they

can be randomized.

The problem is, in getting these babies in, the

babies who were received at the centers, to start INO, were

automatically excluded because they had been on high

frequency, many of them had received surfactant and the

technology is changing quickly.

So, the question you asked, can we hopefully go

ahead and do a randomized study in the future, has to take

into account the demographics of how these babies get to

centers where they can be randomized.

Eighty percent of the babies you have seen today,

all 500 of them, were not born in the centers in which they

were entered.

DR. PACKER: That is a generic issue that affects
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all clinical trials of any indication regardless of whether

it is this agent for this indication, trials done in

specialized centers.

Patients have to get there somehow. There is

always a selection bias. You can only study the patients

that you see. But then, you can only evaluate the data that

you get.

DR. CALIFF: I want to follow up on your

vascularization here. What I have heard, my understanding

of the contention is that the only advantage of NO is that

it reduces the need for ECMO. There is no demonstration of

any other clinical benefit.

We have really no main -- if we believe that

children, in fact, are not just small adults, they are

developing organisms and we have a therapy which has the

potential to have long-term harm, and we have no convincing

evidence about the long-term effects, I am trying to

understand the ethical balance between a demonstrated

clinical benefit -- which I am convinced of -- and the

relation of therapies on large numbers of developing

organisms, not understanding what the long–term consequences

of that therapy might be.

I am concerned that we are holding children to a

different standard than adults and continuing this tradition

of using therapies for children that are unheard of from the

. .
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perspective that we normally use therapies.

I am kind of lost on that perspective. I would be

interested in your point of view on that.

DR. CLARK: I would like to just echo that and say

there are still two large multi-center trials that are

randomized for patients. I would argue that those have been

reviewed carefully and discussed in open forums.

Just to offer a balance, not every institution in

the country has decided that is unethical.

DR. PACKER: While you are there, I guess when one

looks at the long-term outcomes -- and they are very similar

in all the randomized trials -- it would appear that -- and

I will echo what Rob has said -- that the outcomes here are

very, very similar.

We are not talking about anything here which, if

one went one pathway and one another, would result in a

difference that was irreversible.

It is really a decrease in the utilization of a

procedure, although a very awful procedure. It is still a

decrease in the utilization of a procedure which, if the

children have that procedure, it may be an awful experience,

but their outcomes aren’t any worse than the children who

don’t have that procedure.

DR. GOLDSMITH: When you say long-term outcomes,

though, you are talking a year or two in terms of



“’l;___

,. ,,...

i)

.....

-’l_-

253

neurodevelopmental and bronchopulmonary dysplasia.

Nobody yet, to my knowledge, has yet looked at the

mutagenicity, which we heard about from Dr. Abman earlier.

We have been down that road before, in terms of the effect

of things like peridactylnitrates on the lung. We don’t

have any information on that.

DR. PACKER: I think their impact may be more

reason to be concerned.

is no particular reason

DR. KONSTAM:

I guess I am just struck that there

-- no trends to benefit.

Can I just follow up on Rob’s

remarks? I agree very much with the implication of the

remarks, so I am not clear about this ethical story either.

Just to balance it a little bit, I am not sure

that we are any more -- I don’t think we are any more

convinced about the long-term safety of ECMO as compared to

the long-term safety of inhaled nitric oxide.

so, in thinking about the implication of your

question and going forward with it, I guess I wouldn’t want

to go forward with it holding inhaled nitric oxide to the

standard of proving that it is as safe as ECMO, because we

haven’t proved ECMO.

In other words, it

comments that you make would

DR. CALIFF : There

is a balance. I guess the same

apply to ECMO as well.

is one big difference, and that

is that ECMO is proven to save lives. It would be hard to

e
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randomize for that.

DR. PACKER: But in terms of efficacy, if ECMO is

proven to save lives, and if you accept -- we haven’t really

talked through the data here -- but if you get convinced

that use of nitric oxide reduces the use of ECMO with no

difference in mortality -- there are a bunch of ifs to that

-- if you did that, then you might infer that perhaps nitric

oxide saves as many lives as ECMO, or

without the morbidity associated with

That is a line of reasoning

is equally efficacious

ECMO .

that you could follow.

You would still be left saying there is a lot about the

potential long-term toxicity about inhaled nitric oxide that,

we don’t know.

All I would balance that against is that there are

probably a lot about the long-term adverse effects of ECMO

that we don’t know.

DR. SESSLER: I think your comments

frankly. I think that we may undervalue the

have now ECMO-free survival.

We have got no change in mortality

are on target,

fact that we

rate in some of

the larger studies, with a significant reduction

utilization of a technology that has been pretty

convincingly proven that it improves mortality.

so, I don’t think we can toss that out

in the

as

inconsequential . I think it is something that is pretty

s
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difficult to prove, given that ECMO has achieved its place

in the management of these patients. I think that is

something that is well worth looking into in terms of its

value .

DR. LIPICKY: I just want to, before I lose track

of it, ask you in your trial what the incidence of right and

left shunts was.

pulmonary

DR. STRAUBE: Five percent. Everyone had

hypertension.

DR. LIPICKY: So, why do you pick on ventilator

assistance as being the difference? It seems like the

hemodynamics in your kids was different than in all of the

other studies.

One of them had 78 percent right and left shunt

and the other one had 80 percent. Were these the same kids?

DR. EHRENKRANZ: One of the differences is that

the echocardiograms are generally done one time in the 24

hours prior to beginning nitric oxide.

They may be done in our study up to 24 hours. In

some of the studies they were done within an hour.

One of the things that we wanted to exclude was

cyanotic congenital heart disease.

so, this is a very changing disease. What may be

present at 8:00 o’clock this morning when we first begin to

evaluate a patient may be differing later tonight.

*
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DR. LIPICKY: Are you saying that the difference

in the incidence of right and left shunts in the studies was

changed?

DR. EHRENKRANZ: The presence of a regular shunt,

the presence of pulmonary hypertension was gauged on a

number of different parameters.

The cardiologists did the echocardiograms. They

looked for bidirectional shunting, they looked for right to

left shunting. They also gave their own assessment of

whether they felt that there was enough data collectively to

indicate that there was pulmonary hypertension.

The baby, at the time that they might actually

study gas, the first one, when these kids come in -- at

least in our study, the first thing that was done was not to

put them in the study.

We stabilized them. We manage them. Part of

their evaluation was, do they have cyanotic congenital heart

disease.

Part of that analysis is, do they have pulmonary

hypertension. They may not have had another echocardiogram.

They may have had no evidence of pulmonary hypertension at

the time of that study. They may have had hypertension at

the time that they were enrolled in the trial, six hours

later, or 10 hours later.

This is a very changing disease, and asking that
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question when

a lot.

DR.

chance.

DR.

chance . I am

La{

it is a one-time analysis doesn’t really mean

LIPICKY: So, you are saying it was just

EHRENKRANZ: I am not saying it was just

saying is that it was a real measurement, but

the fact is that these are changing kids. The assessment of

whether or not a child needs ECMO is not an on/off switch.

In the study I presented, almost 60 percent of the

kids were already meeting ECMO criteria at the time they

arrived.

Sor as they came into the hospital, they were

being evaluated; they were being stabilized. They already

met ECMO criteria. They were still enrolled in the trial,

because they met our enrollment criteria.

In the study that Dr. Straube presented, their OIS

were lower, and enrollment in the study, They were not as

successful at getting kids in and to that point where they

could begin.

We

much related

DR.

know that the outcomes of

to what they saw before.

LIPICKY: So, let me ask

these babies are very

a question. So, you

are saying that I should not take the incidence of right and

left shunts as any measure of the degree of pulmonary

hypertension present in these kids.

s
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DR. EHRENKRANZ: What the application is for or

what is the patient population that we are talking about is

infants with severe hypoxemic respiratory failure, and most

of those infants have evidence of pulmonary hypertension at

various times during that disease.

Those may be the babies that respond the best, but

they are not the only infants that respond.

One of the potential benefits --

DR. LIPICKY: Your babies responded the worst.

DR. EHRENKRANZ: No, they did not respond the

worst . One of the potential benefits of some of the

Strategies that Dr. Kinsella and Dr. ~man and Dr. Clark

have postulated are other ways of our treating these infants

that may help our therapy.

Dr. Packer: If I could be rude, Dr. Wessel has

three more slides and spent a fair amount of time in their

preparation to keep us on the data. I would like to at

least finish the presentation of the data.

DR. PACKER: I think it is a wonderful idea to go

forward. Let me simply say to remember the purpose here is

not to reach any conclusions about approval or disapproval.

Thereforer let me emphasize, combined analyses

here are going to be viewed with a great deal of concern

because the committee has not specifically gone through the

trials or made comments as to whether open label trials

——
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should be mixed together with trials that are double blind,

and the individual integrity.
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I would ask you specifically not to go over any

data on combined analyses.

DR. EHRENKRANZ: I think the trials that are in the

analysis are appropriate trials in the analysis.

DR. RODEN: I would be interested in seeing it.

DR. PACKER: Three slides.

DR. RODEN: I have a question, and maybe

Dr. Goldsmith would be the best person to answer this. The

assumption all day long has been that ECMO is proven

effective therapy, and that is based on one British study

with 90 to 100 patients.

DR. GOLDSMITH: There are two other studies in the

United States, both of which have some question about their

randomization.

DR. RODEN: Let me just ask about the

randomization specifically, in the British study. The

patients who got ECMO went to a tertiary place -- went to

the British Massachusetts General Hospital -- and the

patients who didn’t get ECMO stayed in the Nottingham

General Hospital.

Now , it seemed to me that there is a tremendous

potential for difference in outcome just based on that.

DR. GOLDSMITH: That question has been raised.

J
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The answer from the British people that we have talked to

said that the ventilation therapy and the maximum

conventional therapies were comparable in both sets of

patients. I share that concern.

There were two studies done in the United States.

DR. PACKER: This could be an entire discussion.

DR. GOLDSMITH: I understand. There are two

studies that were done in the United States. They are in

your packet. One is by Bartlett in 1986 and one by O’Rourke

in 1989. They combine totalled babies who had received

ECMO , I think it was 40 patients, in the United States.

The total number of babies now who have received

ECMO in the ELSO registry is 14,000, approximately. Is that

correct?

DR. PINA: Yes. I don’t want to lose a point that.

Dan had made earlier and sort of to emphasize what Mark has

said, in our packet here we have the days to time of ECMO in

the INO, the 01 and 02.

Since we are talking about, we don’t know the

long-term toxicity, we don’t know long-term mutagenicity,

the patients who had the lower dose were the patients who

had the longest time before they had to receive ECMO.

I don’t want to lose the dose ranging facts. I

don’t want to lose that in the discussion.

DR. PACKER: Please proceed.
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Agenda Item: Clinical Trials. Trial Summary.

DR. WESSEL: I will just show three slides. I am

not going to give a talk. I am not going to talk about meta

analysis. I am going to answer a question that was asked me

before . What was our committee thinking by suggesting -- in

fact directing -- us to stop randomization.

These are the data that they stuck with

themselves, in making this decision. This is from 538

patients in the four prospective randomized trials that you

heard presented this afternoon.

We see here, if there was no effect on patients

who were in the nitric oxide here. The relative risk is 1.

However, if the ECMO utilization was reduced in the nitric

oxide group -- as it was in the NINOS trial shown here --

and if the 95 percent confidence intervals as shown by the

horizontal bars do not cross one, then there is a

statistically significant effect of the reduction of ECMO.

The committee that I presented this data to looked

at the total number of published studies and our total

number of patients, and looked at the relatively risk of

going to ECMO, starting with .59, and then looked at the

relative risk of ECMO to death.

They saw the same strong trends in all of these

even though Dr. Lipicky quite rightly pointed out that our

relative risk 95 percent confidence, overall there was a

. .
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strong trend to have a reduced relative risk in these

patients with .64 with a 95 percent confidence interval at

.77.

so, with that in mind, they made their

recommendations . In conclusion -- this is the third slide -

- for half the children, we believe there is a valuable role

of inhaled nitric oxide in their treatment.

Improved oxygenation is undoubtedly of benefit to

the child if it can be accomplished with no toxicity.

Clearly, further investigation is

it pertains to those factors that

their response.

We would argue strongly

important, particularly as

affect individuals in

that in 1998 the use of

ECMO isn’t the appropriate outcome variable to measure the

evidence of efficacy of those trials.

to this

warrant

We do not believe -- as has been suggested prior

meeting recently -- that safety issues at this time

the withdrawal of all the IMEs for inhaled nitric

oxide in the United States. Thank you. Three slides.

DR. PACKER Actually, I think that last point is

something that I guess the committee was not very sensitive

to.

That is, there is an issue that is related to

whether further studies are warranted, or whether they could

ethically be carried out, or whether investigator-initiated

#
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INDs should be restricted.

DR. WESSEL: I think it is worth pointing out that

an impression that we took away was that one option here

today was to withdraw every IND in this country, or any

other options.

I think we want to make one very clear-cut plea,

that ECMO is the outcome variable and we don’t necessarily

need to withdraw all INDs in this country, based on safety

data that we have seen from European trials.

Agenda Item: Open Discussion.

DR.

University of

single center

trial .

ST. JOHN: Elaine Fairfield St. John from the

Alabama at Birmingham. I have conducted a

trial and have participated with the Ohmeda

I want to emphasize the fact that all these

different studies give us different information. It is

unfair to try to pin down somebody on the basis of a single

trial and say, what would you do.

We need to take advantage of the information that

all these trials give us. The Ohmeda trial was done very

rigorously so that we could separate out the effects of

inhaled nitric

That

follow up. We

oxide from all these other therapies.

is crucial if we want to look at long-term

need to know that if babies do poor, if it is

because of exposure to a toxic compound.

*
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That type of study, that is very scientifically

rigorous, gives us information about biologic effects and

about safety issues.

These other trials are equally important, if not

moreso, because they are real world trials. This is what

we, as physicians, have to face every day.

Now , the question that we have all been dancing

around is, if ECMO is an appropriate outcome to be avoided,

and using inhaled nitric oxide can save a baby from ECMO,

which appears, from all the studies that we have and our

experience, does appear to be a life-saving therapy, then we

have done you a favor.

That information has to come on three time scales.

One time scale is PW and overt necrologic injury. We can

get that information from some of the studies we have now,

from one-year data.

Some of the mid-term data of necrologic

functioning when it comes to school age is are these

children will be impaired in their school performance. If

so, is that ultimately going to impair them in their life

functioning. Are they going to have other long-term

morbidities, in terms of fighting vascular disease or

cancer.

All those things are things that cannot be

answered except in the tremendous long term. When the FDA

*
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is now under a new mandate to consider treatments for

children, if we have to consider all these imponderables

over the long term, then nothing will ever get approved for

use in children.

I do want to make one comment about the issue that

was made about, are we applying a different standard to

children’s trials as opposed to adult trials.

I would argue that we shouldn’t. We should hold

them to the same standards. The reason why we tend not to

is because it is an emotional issue.

When we tend to start thinking with our hearts

instead of our cerebral cortex, then I think we do the

children’s community a scientific disservice.

DR. PACKER: Let me ask, if you could stand by the

microphone for one moment, how many of you are holders of

INDs for nitric oxide.

Of those of you who have raised your hands, how

many of you, as part of the proposals that you have put

forward in order to hold the IND, are giving nitric oxide in.

a clinic that has a control group, at the moment?

It is a very small number. Let me ask a question.

How will we interpret the long-term effects if there is no

control?

The question still is, if you find X number of

cases of decreasing hearing, X number of cases of difficulty

9
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with motor coordination, X number of cases of cancer, X

number of cases of whatever, how will you be able to

interpret the data.

How will you know whether all those

related to either treatment or to the disease

sequelae are

for which they

....

-1

were treated or total noise? How will you know?

DR. ST. JOHN: We may never know with some of

those issues. In the acute situation where you are faced

with, is this treatment going to improve survival or short-

term outcome, those are the questions we first have to ask.

The answers to some of those questions can be

gained by doing the real world trials where, this is what we

would do if we didn’t have it at all, and this is what we

would do if we have it.

DR. PACKER: But remember, please, real world

trials still need to be interpreted. They generate data

that still needs to be interpreted. They don’t just

generate an experience.

be interpreted.

You have made

are valuable. We don’t

They need to generate data that can

a plea that real world experiences

state that they are not. But the

reason they are valuable, you are saying to us, is that they

generate data.

We agree. The question is, how is that data going

to be interpreted if the vast majority of IND holders are
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administering this without a control group. What are we

using as a basis for comparison.

DR. ST. JOHN: I am not saying that studies don’t

need to go on. I think with all the things that we don’t

know about nitric oxide, the studies do need to continue.

We have got a lot of people in here who have a lot

of experience and a lot of brain power. I think that we can

come up with what it means to evaluate some of the questions

that we have with well designed studies.

Obviously, that is not the goal of this meeting,

is to design the studies.

DR. ROTHSTEIN: I hope that my words aren’t

misinterpreted. There do, in fact, have to be two

standards .

It is okay to approve a drug for an adult given at

age 75, because he may only be interested in an outcome for

five years.

On the other hand, with a treated infant, with

either a drug or an operative procedure, you may need to be

concerned with what the outcome

Diethylstilbestrol is

comes to mind.

On the other hand, we

is forty years from now.

perhaps the first thing

cannot be paralyzed by

saying we do not have today 10-year data on a treatment

is just being started.

that

that
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We also, in thinking about it, have been using

nitric oxide donors in infants for many years,

nitroprusside. No one has at least hinted or demanded data

on mutagenicity of that drug, even though we have been using

that for 20 years, 30 years, and we have no evidence whether

that is, in fact, an injurious compound over the long term.

DR. PACKER: Nitroprusside, I don’t think, is co-

administered with oxygen, which is what people are worried

about.

PARTICIPANT: It is.

DR. PACKER : Co-administered as a gas with oxygen?

DR. ROTHSTEIN: No, but it is distributed

throughout the body.

DR. PACKER: I think it is the difference in the

concentration you achieve in the alveoli.

DR. ROTHSTEIN: In the alveoli, yes.

DR. PACKER: Second is, what is nitroprusside

approved for in children?

DR. ROTHSTEIN: Let’s not get into what is

approved for kids.

PARTICIPANT : Let me just mention why we wanted to

do this at all. We felt, when the first studies were done,

we felt that the design of the studies were not comparable

and were not appropriate to the way medicine was being

practiced, at least in our institution.
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We felt that the way the nitric oxide was going to

be given and treatment sort of strategies could possibly be

improved upon.

so, we set out to look at the physiology of nitric

oxide. We thought we would see what the physiology was. We

generated some dose response curves that shed a little light

on what was said today.

It is important not just to rush out and do

controlled trial, because this is what happens. The

controlled trials were started two or three years ago

a

and

now we have a whole lot of scatter of the target and we

really can’t figure out where the bull’s eye is supposed to

be.

So, possibly we

physiology and home in on

should do a little bit more

the studies, and then maybe design

a trial that would allow for earlier enrollment and allow

for the use of nitric oxide with patients failing the

trials .

DR. CALIFF: Just a couple of

discussion. I think we have touched on

that we are going to be seeing more and

do you deal with the mandate to look at

children.

comments about this

a critical issue

more, which is how

therapies in

I think the right questions have been asked. I

don’t have a whole lot of insight into how to answer them,
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except for one potential approach.

We did have 500-some children who have been

randomized already who are out there, who potentially could

be followed with rigorous follow up measures, to look at

these issues.

The second thing I would point out is that if all

these IND holders out there actually put their patients onto

studies at the same time, it actually wouldn’t take three

years to get the randomization done and we would get an

answer before the underlying clinical practice changes.

I don’t really understand the need to have all

these INDs out there by individuals who couldn’t possibly

learn too much of value from these small experiences.

It would seem like there ought to be a better

system for getting adequate numbers to actually draw

inferences from the studies that are being done.

DR. TEMPLE: Actually, I was going to make the

same observation about the number of people who could be

followed up. Safety analyses are always meta analyses

anyway.

The other thing, if one is going to worry about

long-term cancer risks, you probably are not limited to data

from the controlled trials.

You probably are potentially interested, at least,

in people who did and didn’t get nitrates. Nitric oxide was
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started out in roughly the same conditions.

The potential of enrolling larger numbers of

people in long-term registries is really there. That is the

issue.

DR. LIPICKY: I guess that is putting the last

question first, and I must confess that that is what the

meeting is primarily about.

I must also confess and cleanse my soul, that I

feel mildly guilty that we have these INDs knowing that

these are baseline clinical trials and have seen the field -

and I will let the cat out of the bag in terms of what I

think -- make some very bad judgement on the basis of a

single trial that was stopped early and that has a nominal P

value published, that hasn’t accounted for what was really

found and what the right end point should be.

The whole field has jumped on that with a bunch of

other things that have much less significance, in one other

trial that found absolutely zero.

The field

because people have

that we did not put

says, we know this stuff works and

access to nitric oxide through the INDs,

on hold, the firm, if it wanted to do

more work, could not.

so, the question is, what would the reason be for

putting an IND on hold? There is no safety issue. So, if

we want to say, you must contribute to science if you want

*
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an IND, you must contribute to mankind if you want to have

an IND, how do we tell the people who now hold an IND that

they no longer do? Ordinarily we say it is unsafe.

DR. TEMPLE: I don’t know the answer but I can

tell you what the reg says. Trials that are beyond phase I

can -- but rarely are -- placed on hold because they have no

possibility of answering the

Now , of course you

perhaps avoid that question.

about this, I think there is

relevant question.

can change the question and

But if we were very concerned

a regulatory handle that would

say, it is not in the long-term interest of things to keep

doing trials that can’t answer the question.

Whether this reaches that level of concern, I

think it would be highly debatable, but one could do that

with a very strong consensus that this was getting in the

way of doing trials.

I should say that there is an additional rule that

points out that if open, uncontrolled studies are

interfering with the ability to carry out controlled trials

that would get a necessary answer, that is an additional

basis for putting studies on hold.

That is very clear in the regs and it was done

because in some ways the worst outcome is never getting the

answer. Then you just keep doing it and you never get the

benefit and you don’t know if you do or not.

+
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so, there is some potential for that. Whether

that is the right answer here, I think, is a much tougher

question.

DR. PACKER: Because of time considerations, we

will take two more comments, and please try to make a brief

question or brief comment and, if necessary, a brief

response.

DR. SKEMMING: Jeff Skemming from the University

of Florida. I would just like to make a couple of comments

regarding where we are going.

I think with regard to inhaled nitric oxide we

started out with Dr. Zapol and others showing that we had a

change in vascular resistance.

Then subsequent to that focus, it came on

oxygenation. I would pose to the audience that I think that

there is more physiology that warrants studying.

There are several studies out that now show that

in addition to the change in oxygenation, that inhaled

nitric oxide can perhaps, inasmuch as it can improve the

absorbance of oxygen, that we can improve the elimination of

carbon dioxide, and thereby improve the efficiency of

breathing and perhaps work with it.

I think that Dr. Abman also posed an interesting

concept earlier, that showed that nitric oxide might be

working as an anti-oxidant, and that there were

4
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investigations.

I wear a kind of interesting hat because I have a

fortunate opportunity, being able to care for both pediatric

patients and adult patients in the inhaled nitric oxide

studies that are going on at the University of Florida.

I found myself asking, why is it that in the

neonatal studies that I am familiar with and were presented

here today, that we see such a nice response to inhaled

nitric oxide, and we have not seen that in ARDS studies.

I think if we compare the two kinds of studies and

the attitudes that people have used to design the trials, I

think a very important feature is present there.

One of them is that in all the neonatal studies we

have, the investigators are showing oxygenation indices.

I don’t know if that is really necessary because

all of them are using 100 percent oxygen. They could have

just as easily shown some factor derived from the airway

pressure and the PA02.

Now, that doesn’t really compare to how the ARDS

trials were designed, where they used PA02 iterations. The

thing that really struck me in reviewing all these studies

is that I think the inhaled nitric oxide has been used as an

adjunctive therapy in the neonatal trials and has been used

as a substitute therapy, at least substitute being for

oxygen, in some of the adult trials.

.. -., .,, -,. . . .... . . . . . . . . . . . .. . . . .. . . . .- ,..
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1 think it is incumbent upon us now -- myself and

others -- to investigate whether or not the use of so

percent oxygen plus nitrogen is less toxic than 100 percent

oxygen.

DR. JANECK: With

IND . Mitch Janeck from San

The way I sort of

think they have been a real

reference to the investigator

Diego.

view the investigative INDs, I

bonus. I think the amount of

data that has been generated and what we have learned about

nitric oxide we just would not have had without the IND

program.

Numerous publications have come out describing

potential applications for this agent. There is no way we

would have had this data without investigator INDs.

I

determining

don’t think

first step.

think that is a great stepping off point for

what areas need rigorous controlled studies. I

it is a substitution for it, but it is just the

We can talk about pulmonary hypertension, but we

have extensive experience, as I am sure many of you do,

giving acute NO

hypertension.

It is

correlates very

been able to do

for vasodilator testing for pulmonary

now published and well known that it

well with vasoreactivity. We would not have

that necessarily without this investigator



276

IND .

“)_-

YOU can go down the list of data we have that we

would not have had.

DR. PACKER: Thank you. We will move on to the

questions.

PARTICIPANT: Mr. Chairman, forgive me for being

rude, but there is one safety issue that hasn’t been

discussed that directly relates to the INDs.

We have studied this in a randomized controlled

fashion and I think it is important to just give me one or

two minutes.

I think the panel should be aware that in the

field of neonatology we have a very positive experience with

inhaled nitric oxide.

It is known that there is a hidden mortality

during the transport period. One of the demographics that

was discussed here was that patients were not accepted into

the Ohmeda trial because of surfactant and high frequency.

In fact, as part of that trial, I know that is

only a percentage of the problem. When we asked the

investigators what was going on, it was not only that, but

it was a failure to transfer patients because of economic

reasons.

Now , if you add nitric oxide to therapy, to places

that don’t have ready availability to ECMO or are not ECMO

. ..,.
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centers themselves, you are asking for trouble.

Especially if there is a synergistic effect of

surfactant and high frequency plus nitric oxide, as part of

the Ohrneda nitric oxide study, there was a second phase of

our study that involved the withdrawal of inhaled nitric

oxide.

In a word, what we found was that for treatment

successes there was a nice dose response from 16 to one part

per million of nitric oxide on withdrawal and you can just

counteract that with changes in the ventilator.

However, if you are a treatment failure --

remember, not all babies respond to treatment -- and you

have an oxygenation index, whether you are in the placebo or

the nitric oxide group, at around 30 or 35 oxygenation

index, you stop the treatment gas. The placebo stays the

same and the nitric oxide group the 01 goes up to 45

percent.

so, I think that there is a potential safety

concern. There was one serious adverse event in the Ohmeda

trial that was reported to the FDA, a possible serious

adverse event from the withdrawal.

I think that the panelists, not being

neonatologists, need to know about that part of it.

DR. PACKER: If you can stay at the microphone for

a moment, if I understand what you are saying -- because I
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think you may have answered that we have seen a similar

phenomenon in cardiovascular disorders, that what you are

describing is not a rebound because a rebound is usually

seen in patients that are responders.

What you are suggesting is that part of the reason

that some babies are non-responders is, although they may be

getting a direct benefit from the agent, they are also

getting a toxic effect from the agent.

Upon its withdrawal, the benefit disappears and

the toxic effect reappears compared with babies that get

placebo. Is that it?

DR. JANECK: I don’t interpret it that way. Based

on the results of all the trials showing absolutely no

toxicity, based on ventilator, based on oxygen PW. So, I

would interpret it that way.

What you are dealing with here is, you are

starting nitric oxide and you are looking to see if it

works.

You may get an acute change in oxygenation but

that doesn’t guarantee that you are going to be getting away

with ECMO.

You continue the baby on nitric oxide and other

therapies, and in 24 to 48 hours, the pathophysiology of the

baby’s disease that underlies it -- whether it is chemical

pneumonitis or sepsis and all the things that occur there,

-... .
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or just aberrant trauma -- has changed the situation.

The nitric oxide is still having an effect on

pulmonary vascular tone, but now you withdraw it and you

have a much sicker baby and you could potentially get into

problems. So, we have that data.

DR. PACKER: Is that alternative explanation that

I just suggested possible, given the fact that we have been

a little disappointed that the long-term effects are so

similar?

DR. JANECK: We didn’t see any increased duration

on ECMO for treatment failures or their days on oxygen.

DR. PACKER: Why don’t we proceed. There is no

primary reviewer for each of these questions. Hopefully

each of these questions will be very rapid.

What I will ask the committee to do is, for each

member of the committee, depending on where they sit, to

take these questions on as being the primary responder.

Marv, what I will do is ask you first and then see

if the committee has any comments.

In what patient population does inhaled nitric

oxide unequivocally decrease pulmonary vascular resistance.

What do the time course and dose response relationships look

like. Again, I think we can do this very quickly.

DR. KONSTAM: I guess the most striking evidence

is in the population with persistent pulmonary hypertension.
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I don’t think the company -- I don’t think the

dose response is clear, from the data we have seen.

DR. PACKER: So, the time course is rapid?

DR. KONSTAM: The time course is rapid, but I

don’t think we have seen data today that make the dose

response clear; let’s put it that way.

DR. PACKER: Are there any patient populations

that you think does not show a decrease in pulmonary

vascular resistance?

DR. KONSTAM: I haven’t seen enough data about a

lot of other populations, including the ARDS population.

DR. ROTHSTEIN: There are many different

populations that will respond. It is unclear how to predict

which in that group will respond.

DR. PACKER: Does anybody

DR. CROSS: Yes. I would

have anything to add?

say that a lot of the

non-ARDS pulmonary hypertension will respond. Are you

talking about primary pulmonary hypertension or some of the

post-surgical ones? In our booklet we had about 10 cases,

the transplant that we heard, et cetera.

so, I think there are a pot pourri of other groups

that respond. I think the big one that is the question mark

is probably the one that is developed with a lot of

inflammatory activation, ARDSS, where it may be quite

complex.

,. ,.
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DR. PACKER: We are talking about response here as

a decrease in pulmonary vascular resistance. We are not

talking about oxygenation. We are not talking about

clinical outcomes.

DR. CROSS: Right, and I would say almost all the

other pulmonary hypertensions, certainly the reactive

pulmonary hypertensions, the primary pulmonary

hypertensions.

DR. SESSLER:

points out the value of

we know what all is out

I think this is a question that

individual studies. I don’t think

there.

DR. PACKER: Okay, number two. Neonates with

hypoxic respiratory failure, does inhaled nitric oxide

unequivocally improve systemic oxygenation?

Joanne, we will ask you to take that. If so, what

do the time course and dose response relationships look

like.

DR. LINDENFELD: I think the

does but not for everyone. I think it

answer is that it

does appear that

there is a dose response, but again, it is not entirely

clear.

DR. PACKER: Any other comments?

PARTICIPANT : I guess the dose response, if it

exists, seems to be pretty flat. Does everyone agree with

that ?

,... . . .
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Dose response doesn’t mean that it

means that you can characterize it.

DR. ROTHSTEIN: In initiation of nitric oxide

we may not have initial response at very low doses.

=--)

You may have a dose response at 20. Once you get that

response, you may be able to back down.

DR. PACKER : Are those responses coming from the

most recent data? Can you tell me where this flat dose

response information is coming from? What data are you

pointing to where it says it is flat.

DR. LINDENFELD: I am sorry; say that again?

DR. LIPICKY: Milton just said somebody’s

statement is that dose response for nitric oxide is flat.

The question I am asking you is, what data leads you and/or

Milton to that conclusion. Is it the most recent stuff that

was looked at or was it the stuff that was looked at early

this morning, and I think it was the third or fourth slide

that Dr. Zapol showed.

DR. LINDENFELD: I think the most recent data that

we saw suggested that, but one of the previous studies, but

I forget which one.

DR. LIPICKY: So, it is the most recent stuff.

DR. LINDENFELD: Yes, but in one study there were

responders did not respond to the lower dose.

DR. LIPICKY: SO, what range of nitric oxide are

,
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you talking about; five to 80?

DR. LINDENFELD: I think the one study did go up

to 80.

DR. LIPICKY: Right, and what Dr. Zapol showed

this morning was that even 50 for nitric oxide was an order

of magnitude lower than that.

I think it would be inappropriate to leave the

notion that the dose response is flat.

DR. THADANI: There was a dose response curve in

the one slide.

DR. LIPICKY: Yes, for everything from five up.

Even 50 is lower than that.

conflict

Five and

DR. PACKER: Ray, I don’t think there is a

in what was said in the Ohmeda 01 and 02 trials.

up seemed to be about the same.

DR. LIPICKY: Right, because 80-50 is an order of

magnitude lower. So, it is at the top of the dose response

and it doesn’t make the relationship between nitric oxide

and oxygenation flat. It just says they are referring to

concentrations that are beyond the maximum.

DR. GRINES: (Comment off microphone.)

DR. PACKER : What Cindy is pointing out is that, I

guess in the medical review, page 123, from the Ohmeda 01/02

study, there did seem to be a relationship between dose

response .
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It is interesting. I think that the data that we

saw today, for some reason, doesn’t actually look like that.

That is P02 as opposed to oxygenation.

Is an effect on pulmonary vascular resistance or

systemic oxygenation predictive of clinical outcome; number

four. Oh, I have skipped one. Does inhaled nitric oxide

unequivocally improve systemic oxygenation and, if so, what

is the dose response relationship.

DR. THADANI: I think the data on that was less

clear as opposed to the neonatal. There is some suggestion

that there is improvement in oxygenation, but I did not see

that it was clear that there was much response.

DR. PACKER: I guess I am a little bit confused.

I thought we actually saw data in adults with respiratory

distress that showed a pretty clear increase.

DR. SESSLER: Then deal with responders and non-

responders.

DR. PACKER: There are responders and non-

responders in every one of these diseases. Is the response

in adult respiratory failure and attendant oxygenational

materially different?

DR. THADANI: You can’t just throw away the non-

responders.

DR. SESSLER: I think one comment that also

addresses the gentleman from Florida’s comment, he has adult

,

.
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patients and neonates, both. He was surprised at both the

adult and infant response.

DR. CROSS: I think the other difference in

physiology that is important in the adults is the degree of

inflammatory activation is very variable. There is a great

difference between where you are looking at the disease. I

think we had that mentioned this morning.

I think this probably compares to the average

data, because we have got sepsis and chemical pneumonitis,

et cetera, cytokine activation and pneumoinflammatory things

going on, to a lesser degree in the pediatrics, and some of

them don’t even have any, or very little, of the

inflammatory activation.

so, Pete’s group looks a little cleaner than the

adult ARDS group, because by the time we get them, they are

really activated and they are in a different stage of the

disease.

I think the data in the adults is a little bit

harder to get clean that pediatric groups. I would agree

that the adults, yes, they respond but probably not as clear

cut and unequivocal as the pediatric group.

DR. PACKER: Okay, let’s move on to number four,

then. We will move to you. Is an effect on pulmonary

vascular resistance or systemic oxygenation predictive of

clinical outcome -- two parts, in neonates with hypoxic
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respiratory failure, second part, in ARDS.

DR. RODEN: Maybe and I don’t think so. Maybe and

I don’t now. Maybe in neonates, and I don’t now in adults.

I don’t think so.

DR. THADANI: I don’t think we have seen really

data which show that we are seeing a response to oxygenation

and outcome. That outcome is not different than with ECMO

in some trials, and in other trials with different outcomes.

I have not seen any convincing data that convinced

me -- you can forget whether or not it is doing it.

DR. LIPICKY: The questions were worded so that

maybe would be a very good answer. It didn’t ask you to

explain why.

DR. LINDENFELD: If we use ECMO as a clinical

outcome, which you discussed earlier, I think I would say

probably, for me.

DR. PACKER: Let’s be a little careful here. The

word predictive is a little tricky. I want to make sure

that we are interpreting this question in the way the agency

intended to write it.

Are we to assume that the word predictive is

equivalent to the word correlative, or is the word

predictive --

DR. LIPICKY: I suppose that the way in which that

word was intended in the question was that pulmonary
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pressure goes down and systemic oxygenation goes up. Does

that make the treatment approvable because it predicts

clinical outcome.

I think you have already answered these questions

in your previous discussion saying that you want to see

clinical outcomes.

It would be really easy to go through these

questions saying yes, yes, no, no.

DR. PACKER: Yes and no. I think what we have

said, what this committee has said today is, if this

question is intended to be answered not in a correlative

way, but to suggest that a change in systemic vascular

resistance or a change in systemic oxygenation is linked to

clinical outcome in such a way that they can be used as

surrogates, if that is the nature of the question, then I

think what we have heard everyone say, including all the

presenters and all the consultants, is no.

DR. LIPICKY: I don’t know where to go with this

question. I think it is very complicated, obviously. If we

go down the road of saying that use of ECMO or need for ECMO

is an outcome, then I don’t think there could be any doubt

that the use of systemic oxygen predicts the use of ECMO.

This is the sort of issue that you get into when

you have, as an outcome indicator, something that the

clinician does.
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1 think that there might be an analogy here

related to hospitalization for heart failure. You know,

hospitalization for heart failure is probably predicted by,

I don’t know, weight gain or pulmonary edema or all sorts of

things.

I don’t know where we go with this. We are going

to have to come to grips with whether or not we accept the

clinicians ‘ judgement that ECMO ought to be used as an

outcome indicator that is useful in assessing this

treatment.

If it is, then systemic oxygenation sure does

influence that.

DR. KONSTAM: Marv, we are going much too far on

this. It is a very simple question. The question here is,

are changes -- as now modified by Ray -- the question is,

are changes in pulmonary vascular resistance, or changes in

systemic oxygenation per se, is their connection with

clinical outcomes so tight that they could be used as the

basis for approval per

I think what

DR. LIPICKY:

changing their minds.

DR. THADANI:

DR. LIPICKY:

DR. PACKER:

se? That is the question.

we heard from everyone today is no.

Now it sounds like everybody is

I don’t think anyone is.

Then the answer is no.

We are going to go on.

*



....

.?
J. .-,

-.. .

_-=—

,....

.3___

_-‘)
.:...___

289

DR. CROSS: I think it would be an argument among

some of us that we might still be on number four.

DR. PACKER: I think as the question has been

revised, I don’t think we have heard anyone -- the

presenters or anyone on the committee -- suggest that they

would approve a treatment for neonates with hypoxic

respiratory failure based on the ability to decrease

pulmonary vascular systems or increase systemic oxygenation

because, in fact, the primary end point of the trial was not

either of these variables.

DR. CROSS: The primary reason for getting on the

membrane oxygenator is the oxygenation.

DR. PACKER: That is a different issue.

DR. CROSS: I can’t separate them.

DR. PACKER: Yes, you can separate them. If yOU

didn’t have any data on the need for ECMO, would it be

enough. That is the question. Everybody says no, and that

is the reason everybody is collecting data on ECMO, which a

lot of people think is a reasonable end point.

Okay, next question. Will the data presented

today support the use of ECMO as a treatment for neonates

with hypoxic respiratory failure? This has nothing to do

with INO.

DR. GRINES: It seems that based on the one

British study that ECMO did reduce mortality. It seems like

—..,. ,,.
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it was also applied to very high risk patients. To my

recollection, the mortality rate in the control rate was

more than 50 percent

seen in these nitric

quite as sick.

and in all the patients that we have

oxide trials, they don’t seem to be

My answer to 5.1, I would say, in general would be

yes. With regard to 5.2, what are the characteristics of

candidates for ECMO? I am still not clear whether we have

adequately addressed that.

It seems that the patients who are referred are

resistant to other treatments, but it would appear that

there wasn’t great agreement among investigators as to

exactly what kinds of patients would be consistently

treated.

DR. ROTHSTEIN:

therapies. That is going

ways by different people.

Failure of conventional medical

to be interpreted in different

DR. THADANI: As far as the indications for ECMO,

I am still a little confused. Even thought we heard in the

trial that some 50 to 60 percent met the criteria and others

didn’t, I didn’t hear anybody define it A,B,C,D,E, and this

is the point you have to go with.

I realize that people are trying other treatments,

and once that fails, I don’t know what that failure is. Is

it oxygen index, or the patient just looks bad or what have

s
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you .

I think the disease fatality is so high without

ECMO , that it would be nice to outline 1,2,3,4, this is a

must . I realize it is a medical procedure. But I think

there must be criteria.

We haven’t heard anything about it, because if you

believe the criteria were there to start with, those

patients were denied it initially and then some patients did

and then some others did not and some others went on into

it .

DR. EHRENKRANZ: If I can shed a little light

maybe on that confusion, the one slide that Dr. Clark

showed, that implied that only 50 percent or so of the

patients transferred for ECMO received ECMO, the difference

there is that they were being transferred from a non-ECMO

center to an ECMO center.

Most centers who do that cannot wait for the

patient to actually meet ECMO criteria. They have a pre-

criteria.

They are going to transfer them to try to do that

in a safe fashion. Once a baby gets to an ECMO center, then

they are evaluated by that center’s criteria.

They may have changed en route. They may no

longer meet the criteria. That is what that slide was

suggesting.

8
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DR. THADA.NI: But none of the trials suggested

that the criteria -- nobody showed how many did not meet

criteria when they arrived.

DR. EHRENKRANZ: Most of our experience, which
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the

is

not part of the NO trial, is that about 50 percent of babies

that are transferred to ECMO are actually placed on ECMO.

In other words, it is a safety feature, and if we

have to transfer a sick baby, we have to try to do it in a

timely fashion so that they don’t die en route, and so that

they would not delay what may be a life saving treatment.

In the NINOS trial, 80 percent of the babies who

were enrolled in a trial were transferred from elsewhere,

got to the center, and we have to first enroll them in the

trial . That is part of why they were so sick by the time

they were enrolled.

DR. PACKER: Let’s move on to number six.

Characterize the effects of inhaled nitric oxide on

mortality, both in neonates and ARDS and in both cases

please answer the question, do mortality data make it

unethical, and is it looking at mortality data alone that

makes it unethical to perform other studies.

DR. GRABOYS: Let me just make a quick editorial

comment. If this group were asked -- this group out in the

audience -- were asked to discuss the management of

cardiotetic shock or recurrent BTPF or who to send out for

,,
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interventional cardiovascular disorders, and we as a group

were asked to sit in the audience, and you were sitting up

here, with very little experience in that area, then we

would be snickering at you the way you, in fact, are

legitimately snickering at us.

You have the clinical expertise, as clinicians

taking care of critically ill babies and critically ill

adults with ARDS.

We don’t have that experience. So, from my point

of view, as I have listened to the last eight hours, I think

it is very important that we listen to you and listen to

your expertise.

That has to affect the way we are going to make

decisions about clinical judgments, because you have a

clinical judgement in these situations that we don’t have.

I mean, in terms of enrolling babies, 85 percent

of whom will have to be moved from one facility to another,

and the complexity of that, I think that is akin to our

trying to enroll patients at 2:OO in the morning with

cardiotetic shock or recurrent BTBV, critically ill folks.

We have to take that into consideration. It is not like

entering patients into a cardiovascular protocol in which

they are sick, but not as sick as the kind of kids you are

seeing.

As far as characterizing the effect of INO on
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mortality, I am persuaded. What I am persuaded about is the

decrease in the referrals to ECMO and trying to separate

those two.

DR. PACKER: Tom the question is specifically

designed to focus on mortality only, and whether the effect

on mortality makes it unethical to perform further studies.

As you know, these questions are arranged in a

sequence to allow clarity about presentation and thinking.

DR. GRABOYS: I am not persuaded that there is

sufficient data to make comments about mortality, and I

don’t think it has had a significant effect on mortality.

DR. PACKER: Therefore, if one bases it on

mortality alone, it is unethical to perform further studies?

DR. GRABOYS: No, I don’t think it is unethical to

perform other studies.

DR. PACKER: Does anyone disagree?

DR. THADANI: No, as a matter of fact, in those

summary slides we saw, the mortality was done separately.

DR. GRABOYS: And I think as far as ARDS is

concerned, that is at least an area that we have all had

some experience with.

These folks who are desperately ill and have

terribly high mortality, I am persuaded that INO has a role

adjunctively.

Again, I don’t think that the mortality data makes
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it unethical to perform further studies in that area.

DR. PACKER: Okay, I think from this point onward,

the questions get a little bit more interesting. Number

seven, in each of the three randomized trials of neonates,

with hypoxic respiratory failure, what evidence was there in

favor of a benefit of treatment and that is a stand alone

question.

We will follow through with 7.1, did these trials

find evidence of the same benefit or were these trials

otherwise supportive of one another.

7.2, based on your view of the collected data from

these trials, is the evidence for benefits so poor as to

discourage further study, or so strong that a regulatory

decision regarding inhaled nitric oxide might now be

possible.

Let me just emphasize, the intent here is very,

very different than the question about whether an agent

should be approved, which is the conventional equivalent to

this question, if this were a different kind of committee

meeting.

This is to not actually make any recommendations

in this regard. It is really to exclude the two extreme

possibilities; that things are so discouraging that one

shouldn’t try to go further, or things are so overwhelmingly

persuasive, that no one should dare to go further because it

.-
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is unethical.

Two extremes are represented here, not the

subtleties.

DR. PINA: First of all, the NINOS trials has the

compliance end point of death and ECMO, and it was a

positive trial, in that sense. But if you look at it, most

of it was the patients not having to have ECMO.

The second trial, we have initially an end point

of oxygenation and I think definitively it shows that it

approves oxygenation with the 80 ppm.

Then they added the other end point of the delay

in ECMO. So, in some sense, that is what supports the first

trial .

Then in the third trial, even though it was

stopped early because of recruitment issues, it also

supports the delay in ECMO.

I think we keep coming back to the end point of

the use of ECMO as the pivotal modality, whether you want to

combine it with mortality or not.

Mortality, alone, has not been shown, as we have

already talked about. So, I think the trials are supportive

of each other. I don’t think any one of them is pivotal

enough to stand on its own.

I think the data is encouraging for further

studies, but I don’t think it is so definitive that we can
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seem to find it consistently, but if you put the whole thing

together it is like a trial of .05 or something like that.

Then you might be perfectly happy with the end

point of ECMO, but nevertheless say, look, it is just not

convincingly enough demonstrated as a reduced end point. I

think the committee should separate those two possibilities,

DR. PACKER: Bob, while you are at the microphone,

let me just say that one of the things this committee did

not do today, because we were essentially advised not to,

primarily because I think, one, there is no NDA and, two,

this committee meeting was not constructed for this purpose.

But we did not spend any time going over the

integrity of the trials that formed the data base. Now ,

that is fairly important.

Marv mentioned before the six-to-one difference in

the treatment assignments, with the remarkable finding that

six patients got ECMO. We haven’t spent any time doing

that .

PARTICIPANT: What you say is certainly correct.

Perhaps in view of all of that, it is unfortunate that we

put this question to the committee.

DR. LIPICKY: This question is perfectly fine.

You are bringing up the in between. It is so self evident

that it works, that no moron would not say it is true. Not

after 12 hours of discussion.
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PARTICIPANT : That is fine. Then what you bring

us , Ray, is that the intended interpretation of the

discussion was both

change an end point

trials with respect

that nitric oxide had been shown to

definitively, so much so that no further

to that end point should ever be

undertaken, and that that might be a sufficient end point to

act on.

What the committee has said is, well, one of those

two things or both are not true and we should not ask which

is not true because of the nature of the meeting; is that

fair?

DR. TEMPLE: I think Marv’s suggestion is that

ECMO could be an end point and the status could be

supportive and one might consider looking at it; not that it

is definitive, but that is possible. At that point, you

would look into the flaws of the studies and all those other

things .

DR. PACKER: I don’t think it would be useful to

have the committee deliberate on this any further. I think

the issue is that we just don’t know what the data are in

these studies, because we didn’t go through a process -- by

the way, very frequently the FDA has proposed that its

reviewer do an enormous amount of work, and they are never

recognized for this work.

I think it would be fair to say that this review

*
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by the medical statistical reviewer was really, really

thorough.

I think this was really, amongst many of the

reviews that we get, this was a pretty detailed job. The

problem is, that wasn’t what our mission was today.

So, we are a little bit ill equipped to be able to

carry this question fc]rward. I guess what everyone is

saying is that this is not a slam dunk. This is not self

,evident.

“)..—.
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There might be something here and if someone

looked at it again with a critical eye, one might be able to

reach a conclusion.

DR. LIPICKY: Right, and the only thing I guess I

want to be sure that I understand, because what you are now

Saying iS important, is that you did, indeed, look at the

data and got the data presented to you that has led other

groups to decide that it is moral and unethical to continue

trials .

So, you are differing with that opinion very

clearly. I want you to be sure that you know that, and that

you are not being led down that alley kind of blindly.

DR. PACKER: I don’t think that I hear anyone

suggesting they believe that the data are definitive. I

think there are enough questions about individual trials and

about the data of which trials should be used together and

,. .



-%.—.._-—)

302

which should not be included in that, and some of the

conflicting findings among studies, that suggest the

possibility that there might be something here, but also

suggests the possibility that there is nothing here that is

a critical mass for approval.

I guess the only way to know that is for someone

to actually take the question and for people to look at it

in our usual fashion.

I don’t think we can prejudge that process.

Therefore, we do not share this sense that this is a slam

dunk and self evident. I don’t think I have heard anyone --

unless someone wants to disagree with that summary statement

now -- disagree.

DR. THADANI: Perhaps one thing would

which patients require --

DR. PACKER: That is just part of the

be to define

process of

putting it all together. I guess that process could only go

forward if there were an NDA.

It isn’t possible for us to know what a review of

such an NDA would lead to in terms of a regulatory decision

at the present time because we just haven’t done that kind

of due diligence. Is that fair?

DR. LIPICKY: Fair.

DR. PACKER: Number eight. I do think that eight,

I guess, suggests that we answer a question in seven that

*
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was not actually asked.

That is, would anyone disagree with the statement

that further study of NO is indicated in neonates with

hypoxic respiratory failure because that next question

assumes that it is indicated.

We actually did not answer that question because

it actually wasn’t specifically asked. So, let me just look

around the committee and the consultants and say, the way

that that question was answered -- the way Ileana answered

that question -- was to suggest that further study of INO is

indicated. Does anyone disagree with that?

DR. SESSLER: This is for neonatal hy-poxic

respiratory failure?

DR. PACKER: Yes .

DR. SESSLER: I think further study is indicated

in the way of collecting survey data and registry type of

data and further analyzing the data we have. I don’t think

we want to launch into a huge randomized clinical trial at

this point. I think we need to look closely at the

information we have.

DR. PACKER: That actually is, without -- I am

sorry, Ileana?

DR. PINA: I don’t think you can do that at this

point yet. I have dose ranging questions. We have toxicity

questions that are still raised.

,.
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I think that not necessarily a placebo-controlled

trial, but I think we still need studies. I am not sure

that we have homed in on what dose.

We know 80 is an extreme. We have seen some data

that five maybe is better than 20. We keep coming back to

the toxicity and long-term effects. I don’t think it is that

easy.

DR. PACKER: I might as well ask the question that

Ray really wants us to answer which is that during the

course of this afternoon’s presentations, the statement was

made that placebo controlled trials of this therapy are

unethical and then there was a dissenting view, which

remarked on the fact that there are two on-going placebo

controlled trials -- I hope I am stating this correctly --

with this therapy.

Those who are participating in those placebo-

controlled trials must have concluded that placebo-

controlled trials are not unethical.

What does this committee think about that

position? That helps to guide the agency in their further

discussions . Is that right, Ray?

DR. LIPICKY: Yes, but it may be too much to take

on in the time left. We certainly need to know that.

All question eight really asked, the anticipation

was that even if you thought it was a slam dunk, that there
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was a need for more information.

You said it wasn’t a slam dunk, so maybe you need

some controlled trials. Maybe that is a question that

should have beeq asked. The question is, if there is more

information needed, what are the things that one ought to

pay attention to in the design of either the questions or

the trials.

That is what question eight was about. so, you

are remarking on something that you might not be able to

settle in the next 30 minutes. Clearly, we would like to

know whether randomized controlled clinical trials are

unethical .

DR. TEMPLE: Let’s simplify and say, if further

trials are necessary. The previous answer said that let’s

proceed to look at the available data. There might be

something there that would satisfy everybody.

Just for the moment say, if further trials are

needed, what end points are relevant.

DR. LIPICKY: That is right.

DR. PINA: You just talked about the beautiful

review that the FDA has done on the subject. I guess

something was brought t:omy attention that I didn’t realize.

This field has evolved so much in the last few

years that there probably have been improvements in the care

of these infants.

*
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We have heard about the treatments, we have heard

about osculatory ventilation and surfactant. I think

whatever study gets dcme needs to be done with the state of

the art today, which may be surfactant and osculatory

ventilation, and not exclude them, number one.

Number two, there is enough discrepancy in

severity of the infants disease state at the time of entry

that that may be the source of a lot of discrepancy.

I think some sort of uniform definition if it is

possible -- if it is not possible because it is such a

complex field, it may be that uniformity and severity by

critical scores -- and we come back to scores again --

should be done and should be added in a trial, to try to

make it as uniform as possible, so that we are not comparing

apples and oranges.

DR. PACKER: Ileana, you have answered question

number 8.2 inadvertently. I will seize the opportunity of

your having taken that initiative.

I think what you are saying is -- I don’t think

it is inappropriate to ask 8.2 at this time. You are

suggesting that the content of controlling for these

factors, in fact, you would encourage that treatment be

evaluated on top of these factors because they represent

best available therapy.

Therefore, how the sponsor deals with that, it

,.



.’:2___

307

could be by stratification. It could be by factorial

design. One thing you. would disagree with is by exclusion.

Is that fair?

DR. PINA: That is fine.

DR. PACKER: Would anyone disagree with that?

DR. TEMPLE: You might not do either of those

things . You might not require them; you might not stratifY

them. You might just let them fall where they are and

analyze them by covariants.

DR. PACKER: But the one thing that we are saying

is that one shouldn’t deal with it by exclusion. Thanks,

Ileana.

DR. KONSTAM: I would just like to add to that. I

think Ileana said it, but also in terms of the underlying

condition, there was a good case made that there is a

likelihood of a diversity of response based on the

underlying condition.

so, that is something that really has to be looked

at carefully, as well as concombinant treatment.

DR. CROSS: Could I ask the group of

cardiologists . If you have got a newborn kid. If there is

a right to left shunt, there is pulmonary hypertension, they

are toxic, what drug do you want used other than NO to lower

the pulmonary pressure and decrease the shunt.

DR. PACKER: That is not the question.

....,. . . .. .’. ,.. ., . . . . .
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DR. CROSS: Okay. My word is that it is already

state of the art in neonatology units everyplace to use NO,

and I would suspect that if we all asked ourselves that if

we had a kid who got ready to get hooked up to the membrane

pump who fit some of the classification bits that we saw

today, whether we wouldn’t want NO tried in our offspring.

so, the real question is, something has moved very

close to state of the art and we have dragged behind on the

approval process, and we may continue to drag behind.

DR. PACKER: Let me emphasize what I emphasized

before. The question that you are posing is not the

question that is being asked of us.

It would be very easy to answer that question --

if not easy in the point of view of the committee -- if the

only hat we were wearing was the hat of the physician.

I think that the question that is being asked of

us is what are the data., what do the data tell us and how

persuasive are they.

That is the only questions that are being asked of

us . Nobody is asking us what we would do in the privacy of

our clinics or hospitals.

If that were the question being asked, all one

would have to do is take a democratic poll of doctors who

take it, and just ask those who are in the audience who

likes NO. If the majority of people said yes, then they
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would approve it. So, that is not the problem.

DR. LIPICKY: There is something important, I

guess. What do you see as dragging on the approval process.

If we had an NDA, we could be deciding whether it should be

approved or not.

DR. CROSS: I am being the devil’s advocate.

DR. LIPICKY: No, but the approval process, what

is holding it up. As I heard many saying, the thing that is

holding it up is an adequate clinical trial data base.

so, it isn’t the approval process that is a

problem here. The problem is there is not a good enough

controlled clinical trial data base to show it on the screen

and having people come to the conclusion, that I am

convinced.

They might come to a conclusion after they argue

about it for 12 hours. That is the problem.

DR. PACKER: I think it is hard for the FDA to do

anything unless someone makes a request. There is no NDA.

DR. CROSS: I do point out that NO, our bodies

make it, our noses have .2 parts per million of it. We are

breathing it all the time.

We make more NO in our bodies than the NO that we

deliver to the babies. There are now nitrate-free diets

showing how much NO the body makes every day.

I have this mixed feelings on toxicities of too
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much. But too much salt, too much melatonin, et cetera, et

cetera, will be toxic.

It is a very excellent vasodilator and we are all

using it for vasodilation. That is the frustration of the

process.

DR. LIPICKY: Provide us with an NDA.

DR. PACKER: As the people who support the lottery

would say, you have to play to win. Okay, question 8.1.

What should be the primary end point of the subsequent

study .

NINOS utilized death or ECMO. Studies 01 and 02

utilized the combined end point of death, ECMO, abnormal

neurological sequelae -- 1 guess just normal neurological

sequelae; I don’t know what an abnormal neurological

sequelae is -- and bro.nchopulmonary dysplasia.

Do we believe that these are the most appropriate

end points for further study and is mortality alone an

appropriate end point?

I guess just to facilitate things, I guess I

haven’t taken a question and I will just run with this. I

think these are reasonable end points. I think the

committee has said these are reasonable end points,

I must say, I have a personal preference for more

comprehensive end points, so I happen to like that ECMO,

neurological sequelae and bronchopulmonary dysplasia,
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because I think it includes outcomes which are clinically

important.

Having three out of four outcomes which are

clinical important, it is more comforting to me than only

having one of two,

I think mortality alone is inappropriate. It is

not an accurate measure of outcome here. It is not

comprehensive.

The treatment strategies which are utilized by

physicians equalize the playing field. It is possible that

physicians would not let the differences in mortality

converge from a clinical trial. I will ask the committee if

they disagree.

DR. CROSS: I don’t disagree with what you

mentioned. If you are worried about nitration or oxidation
.

phenomena reacting With NO and making pyroxinitrite or

whatever, the autopsy specimens there have been on NO could

deal with that for nitrate approaches.

DR. PACKER: Did you have a

DR. TEMPLE: I was a little

were able to study mortality and show

that other stuff, that

DR. PACKER:

DR. THADANI:

comment?

curious. If someone

benefit, including all

would be cool.

‘That would be fine.

ECMO, we were saying, is a mortality

improvement, ECMO alone. If we could show that, that would

.,—
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be good on top of ECMO or whatever.

DR. LIPICKY: Mortality would be good any time,

but if you look at what this is competing with, it is

competing with ECMO.

I think with ECMO you have got a 96 percent

survival. So, it really is a question is, if you want that

mortality, that is fine. It is just, would that be

reasonable for anyone to bet their cookies on.

DR. THADANI: Then perhaps what you might want to

do is show that like ECMO, it reduces mortality.

DR. PACKER: I don’t think he said that. I think

Bob’s only point was that the question was specifically

asked, would mortality alone be an appropriate end point.

The committee does not intend to suggest that it

is not an appropriate end point. If one could achieve it,

it would be a wonderfully appropriate end point. It just

shouldn’t be required as an end point for approval.

Now , all the issues that we have just talked about

in neonates with hypoxic respiratory failure are now brought

up in adults with ARDS.

so, the questions are identical. We should be

able to go through these very quickly.

MR. KONSTAM: I think it is about a month since we

looked at the ARDS data, but I really don’t recall anything

that supported any benefit on outcomes, based on the data
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that we saw.

so, I mean, I would just say in response -- that

is basically my response to 9.1. 9.2, I would say that I

think that there is reason to go forward and conduct

additional trials and let’s get to what the end points are.

I think that we agreed that ARDS is a more

complex, dirty, if you will, condition than it seems to be

looking at it in neonates. That work should be conducted.

DR. PACKER: Marv, the actual issue of end point

is question 10. Let’s just ask if anyone on the committee

disagrees with what Marv has concluded, which is that the

present evidence doesn’t really indicate a signal, but he

would not either rule out such an effect, and therefore

believes that further study is indicated, should not be

discouraged, and certainly things are not a slam dunk.

DR. KONSTAM: I just throw in another physiologic

editorial comment. My own guess is that the difference is

more than just that ARDS is dirty.

I interpret the data set as being highly

supportive of the benefits of neonates being mediated by a

change in some kind of PDA.

so, it is really a very specific oxygenation

effect that you can get as a result of pulmonary

vasodilation.

I have reason to be more skeptical that you are

4
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going to see the same kind of end points in ARDS.

DR. RODEN: Are we on 9 and 10?

DR. PACKER: We are really on nine.

DR. SESSLER: I think the oxygenation data is

sound enough to go forward, and that is just about all you

can say about it.

There is not an unfavorable trend and there is not

any real tremendously worrisome toxicity data. So,

certainly it warrants further investigation.

DR. THADANI: A~sor there is the difference in

outcome in children because the regeneration process might

be much faster in kids. I think it is two different

diseases, two different processes.

It was interesting to note that the oxygenation

was better in almost all the trials, and yet the outcome is

not different from ARDS, despite that.

DR. PACKER: Okay, if further work on ARDS were to

go forward, in the past the division has supported a

principal end point of time alive and off respiratory

support up to 120 days.

If further study is indicated in ARDS, is this the

most appropriate end point? Remember, the end point

presented this morning was, in fact, this end point, time

alive and off ventilator support.

The question is, should the sponsor change what it
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is doing, or is this c)kay for further study and potential

regulatory action.

DR. LINDENFELD: As Marv said, it has been a

while, but I think this is an appropriate end point for

ARDS . We haven’t explored all this data in near as much

detail, but I think this is a reasonable end point. I think

anything shorter term would not be adequate.

DR. PACKER: So, you think the present policy

should pretty much stay in place.

DR. LINDENFELD: Right .

DR. SESSLER:

need to look at the 120

exactly.

One thing about that, I think you

days as how is this being expressed

If a patient in the control group, let’s say, is

on mechanical ventilation for 13 days on average, and INO

patients are on it for 11 days, then the question really

becomes, do you subtract that out and are we now comparing

107 versus 109 days, and what is the likelihood that that

ever reaches statistical significance with 100,000 patients.

My question is how you would exactly look at that.

I think duration of ventilation is a reasonable

end point to look at, but I think we need to be very careful

about definition so that you don’t select something just

.because somebody else did.

DR. KONSTAM: I just want to second that. It is

*
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not crystal clear to me that this is the way to express it.

I guess I would agree to the point of saying that some

outcome that

a respirator

It

incorporates survival and getting a patient off

would be the way to go.

might be time they stay off it and are alive,

it might be something other than the way it is stated here.

DR. CROSS: I think there are real problems with

the ARDS studies, if you take a page out of any of the other

ARDS studies.

There

because it does

are going to be more problems with NO,

interact with the inflammatory mediators,

and NO itself is changing, with all the inflammatory

mediators at the stage of the disease.

I think if we look in our black books again, there

are 15 articles here by surgeons who are giving it post-

transplant, even post-liver transplant, post lung

transplant, post-heart transplant.

I was at a NATO conference in Greece last year

that did ARDS. The surgeons in one case in England, they

had them on NO before they left the OR and

there for three days.

They swore that this was so good

unwilling to consider a controlled trial.

trouble. I think that we are in trouble.

state of the art in Britain.

they left them

that they were

So, you are in

It is already



317

..

‘).n

.-.
\.&-%

DR. PACKER: That is no problem.

DR. CROSS: I think in early ARDS when the

inflammatory immune part is just starting to shape up is the

time when it may do some good, if you really believe that it.

modulates inflammatory immune reactions.

Once they are flaring away there, throwing in NO

doesn’t have a scientific basis. The construct is telling

us it is very good and in ARDS I think it is something that

it is very important to look at.

I think the groups need to be taken apart, if NO

studies in global ARDS are going to show anything at all.

DR. PACKER: Let me just emphasize, it is not our

problem. It is the sponsor’s problem. Our charge is to

evaluate data.

DR. LIPICKY: I think the way to look at the

question says, if somebody came in and said, I know it is

different from placebo based on this end point, this number

of days alive off respirator, and it was statistically

significant and convincing, would you say, go away, you

measured the wrong thing?

DR. CROSS: I probably would. In the surgical

group I use A, develop lung infiltrates following surgical

operation. That may be the most reasonable end point.

DR. LIPICKY: That is fine. The only response

that is being asked is, if someone came in with that data,

—.
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would you tell them, go home, I don’t even care about that.

That is the only question.

You don’t have to decide, based on how you think

nitric oxide works, and what you think the pathophysiology

of the disease is, whether the sponsor would find an effect

on that end point. That is not what the question says.

DR. PACKER : Look . Let me just add one thing. I

guess I would still like to see some creativity in divising

perhaps an end point which is a little bit more

comprehensive than this one.

That is only because I think that ARDS

complicated disease, only 16 percent of patients

pulmonary failure.

is such a

die of

I guess if someone is going to get approval for

ARDS , I understand one can deal with that by looking at

efficacy and then safety, but the decision making process

would be a little bit easier if some of the outcome

measures, which are important indications for physicians,

are incorporated into the primary end point.

DR. SESSLER: I mentioned earlier I think the

incremental changes in lung dysfunction may be of interest,

to look at safety as well as efficacy issues in a fashion

that would quantify it.

DR. PINA: I am looking at the time element and I

am wondering if 120 days may actually not be enough. A lot

+
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of our centers are developing these ventilator units and

patients who are on prolonged incubation are much more

rapidly going to trach and getting very, very slowly weaned

off ventilators.

“’)..——.
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They go through rehab and developing their

pulmonary valetory muscles. I am wondering if, rather than

120, we should be adding another 30 days and asking for the

experience of people who take care of this.

I agree, I would like to see some other like

multiple organ failures and renal function deterioration is

very often also the exit of these patients that end up going

into dialysis and then ending up with sepsis.

DR. SESSLER: I can speak to the long-term effects

to a certain extent. There was a registered study of three

hospitals in Philadelphia. By the end of three or four

months, everybody with the exception of perhaps one or two

percent, everybody was either dead on NO.

After 90 days or 120 days there are very that are

still remaining on ventilation somewhere, based on a pretty

sizeable survey.

DR. CROSS: The global assessment, it sounds

crazy, but I think it c~oes incorporate, in the dialysis and

the sepsis and the amino glycocyte, et cetera, is the

hospital bill.

DR. PACKER : Okay. I think you are quite right.

. ,.-. ,-
—
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It does. Maybe we should can capture that in a different

way.

DR. SESSLER: Well, we can. Actually, you can

capture it a different way. There are test scores and there

is also some preliminary evidence from failure scores, that

a score on a given day can determine hospital charges and,

consequently, capture it all.

DR. PACKER: Okay, last question. Most of the

current INDs for INO are for a single center, based on

controlled prescriptive studies in adults, children and

neonates. Should the clivision be more restrictive and why,

DR. THADANI: I think those studies don’t prove a

point, because they are either baseline control or

descriptive in nature. They can only prove a hypothesis

regarding an efficacy which could be pursued.

Now, how many INDs you give, I don’t know. I

mean, there are so many hands, if they had all participated

in the trial, we would have had the answer right now.

I would encourage to do the control trials, and by

now we would not be talking about what we are doing. So, I

would have preferred tc> see controlled trials.

DR. PACKER: SO, is your answer that the division

should be more restrictive?

DR. THADANI: I personally would think so. If

there is already an approved indication and you want to look
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at something else for the definition -- but here, we are

still talking after eight hours and we don’t know how to use

the drug,

important

comment.

advice to

which indications, I think my answer is yes.

DR. PACKER: I think this is sufficiently

that we need to hear every member of the committee

Ileana, we will start at the other end now.

The question is, what should the committee’s

the division be on current INDs for INO. Should

they do nothing? Should they be more restrictive?

DR. PINA: That is a tough one. I would think

that anyone who gets an IND in an institution has written up

a protocol that is investigator driven and has put it

through the IRB.

I know that I can’t get an IND unless I have an

IRB approval or protocol of my own. If people were willing

to do that and do a real protocol so they can use the

product, then we would have

publish that and they would

important with each other.

would have a body of data.

some

have

When

real data, and people could

small studies, but maybe

added together, maybe we

I am more for restricting.

lot of the clinicians here are really

agent as life saving fcr many of

should just be more convinced of

ECMO .

I understand that a

banking on using this

their patients. I think we

the end point, other than

.. ..-.
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DR. PACKER: Okay, there are two votes for being

more restrictive.

DR. GRABOYS: Assuming that everyone based closure

on the end points and what we are really trying to ask, then

we want to be

going to deal

that could be

restrictive . We want to find centers that are

specifically with the issues that are raised,

more readily carried out in a restricted, high

volume center.

DR. PACKER: So, your answer is yes?

DR. GR-ABOYS: Yes.

DR. GRINES: I think we should be more

restrictive.

DR. RODEN: There is a subtext that we haven’t

discussed and that is to what extent the sponsor is willing

to go forward, at this point, with organizing the required

trials.

Assuming that the agency and the sponsor can come

to some sort of agreement about what sort of trials ought to

be mounted to demonstrate efficacy, then I

favor withdrawing all the current INDs and

pivotal trials to go forward.

would strongly

only allowing

Otherwise, you get into the situation where there

is a great perception that the drug is safe and effective in

certain situations, ancl no sponsor.

DR. PACKER: Let me, I guess, underscore what Dan

*
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has said. llny vote here is predicated on the fact that the

sponsor is willing to pursue further studies.

The major motivation for recommending restriction

is to allow these studies to move forward in an expeditious

fashion.

Were the sponsor not to go forward, or if no

further studies were indicated of a placebo controlled

nature because subsequent filing and review resulted in

approval, the situation would be very different.

so, the concept is, one, in the circumstances that

the sponsor files an NI)A, is told close but no cigar, please

go out and do more trials, and they are willing to do them,

then the advice which is being made right now would apply.

DR. TEMPLE: Let me just shed some light here. We

would be doing this in order to get the proper studies done.

That would be the reason, not that we hate to have it go on

in the absence of good data, which is another possible

reason one could study, but because this would be necessary

to get the trials done.

DR. PACKER: First of all, we probably need to

complete the process of voting.

DR. TEMPLE: But there is a piece of this --

DR. PACKER: I think it is important, but maybe we

should make another round.

DR. LINDENFELD : I agree with how you summarized

.
,...
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it . I do think that if the sponsor is going to ask us to

look at all this data soon, I do think there is a signal

here. I think that is what we are doing and I think that

would be a good thing to do. I would hate to see things

withdrawn.

PARTICIPANT : Well, the sponsor is going forward

with a trial. They have a contract with Duke University to

complete a randomized controlled trial.

It is self serving a little bit, because it is our

trial, and so I have a conflict of interest, no question.

But there is a trial ongoing that is randomizing to placebo,

and that outcome is a reduction in the need for ECMO. It

will not likely show a difference in effect.

DR. PACKER: ‘Why don’t we go through.

DR. CROSS: I have a sort of in between one on

this one. I don’t think we should end the INDs. I think

the FDA and the sponsor

pursuing what is right,

clarified.

should be playing activist roles in

which is to get the issues

First, see what all the

get the surgical society. Try to

INDs together and try to

see what is available

through orphan drugs and volunteer health organizations that

are interested in this problem.

For example, Cystic Fibrosis throws clinical

trials together where FDA is sponsoring it, the Cystic
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Fibrosis Foundation is sponsoring it and the drug company is

sponsoring it.

Try to answer some of the questions and clean up

groups of INDs out there who are all studying the same

thing, through trying to put government and private industry

and maybe even vested volunteer health organizations into

the hunt, much the way I think Cystic Fibrosis has done this

rather ideally.

DR. PACKER: But your vote on this question is

that the division should not be more restrictive?

DR. CROSS: I think they should be activists in

doing what is right. I don’t think they should all of a

sudden put out an edict that we are taking all your INDS;

no .

DR. PACKER: I think the presumption is that this

is a -- if the agency were to take such an action, it would

be taken in a context where there was a constructive plan to

go forward.

DR. CROSS: Well, you probably have one company

involved and they need a bone and something to start, and

they can’t organize studies of everything. First, they need

to study one thing so they have something they can show.

I don’t think the company can afford to do all the

clinical studies on all the INDs that are out there on this

drug, given the tremendous cost involved.

!.. .
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DR. PACKER: I don’t even think that that is even

being remotely contemplated, considered or recommended. I

think the concept is that if further study is deemed

necessary, the sponsor is willing to go forward and carry it

out for any indication.

DR. CROSS: I would think they are going to get a

very wild thing from the thoracic surgeons and heart

surgeons. It would be interesting to see how they organize

a study of particularly that group because that is one that

is right out there, I am sure, on a number of these INDs.

DR. SESSLER: I would say definitively no.

Actually, I am a little surprised that we are so eager to

withdraw this, from a couple of perspectives, I think.

One is that if we truly believe this is harmful,

then we should withdraw it for that reason.

If it is because we can’t launch new trials

because there are other individual investigator INDs out

there, until we can launch such a trial that is available to

all those folks who have their own INDs, there is absolutely

no reason to withdraw it.

I think that by having individual INDs you are in

fact getting a lot of scientific evidence and information in

new areas.

I think the bone marrow transplant area,

particularly, is exciting. I think we should really, for no

.. . . .
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reason, curtail that flow of knowledge.

I think what we should do is require more of the

IND holders. We need to get more safety information and we

need to get more long-term follow up.

There is no reason why we can’t get more data on

the patients who are enrolled in these studies; require

that, but not in any way stem the tide of new ideas, new

fresh ideas, until we have something that is a good

alternative.

DR. PACKER: Marv, I am

last .

DR. LIPICKY: Let’s say

just said. How would you suggest

really saving you for

we wanted to do what you

we do that?

DR. SESSLER: I said a bunch of

DR. LIPICKY: If we want to get

So, how would we do that?

stuff .

follow up data.

DR. SESSLER: I think we need to focus on areas of

safety concerns.

DR. LIPICKY: I understand, but how would we do

that . You said we could. We have a bunch of INDs out

there .

DR. SESSLER: Requiring the investigators to have

time follow ups wherever possible.

DR. LIPICKY: What would we do if we didn’t get

their letters.
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DR. CROSS: Refer them to the IRBs, or ask the

IRBs, and get them involved, possibly.

DR. LIPICKY: Ask the IRBs?

DR. CROSS: Aren’t the IRBs tracking what they are

doing?

DR. LIPICKY: So, we would write to the IRBs and

say, IRBs, we are trying to get long-term follow up. Would

you please tend to our getting those reports?

DR. CROSS: Maybe don’t release the IND without a

promise to get it, and make that some sort of condition.

DR. LIPICKY: Isn’t that being restrictive, which

you said don’t be?

DR. CROSS: I support you on that. You are being

activist in trying to do what is right.

DR. TEMPLE: That is restrictive. I think we are

encouraged to make those that part of the protocols, and if

people don’t send in the reports they are supposed to, we

can terminate INDs for that. We don’t very often, but we

can.

DR. LIPICKY:

for uncontrolled trials

But you think long-term follow up

is useful? All those kids are going

to have troubles. So, we are going to blame everything we

see on nitric oxide. Every tumor will be produced by nitric

oxide. Every neurological problem will be produced by

nitric oxide. Every bronchopulmonary dysplasia will be

#
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blamed on nitric oxide. That will be useful to you?

DR. SESSLER: I think some data may be better than

no data.

PARTICIPANT: No.

DR. LIPICKY: If you draw a wrong conclusion of

what the data will shcw, nitric oxide is terrible, because

every bad thing that happens will be attributable to that.

There is no control group.

DR. TEMPLE: Ray, the key recommendation I heard

is that if it turns out that somebody is trying to do the

right studies and all these INDs out there are messing it

up, that is the time to move in.

Until there is something like that, that is being

messed up, there wasn’t a good case for taking an action.

DR. LIPICKY: That is when we become an activist.

DR. TEMPLE: That is what I thought I heard.

DR. SESSLER: We all have long-term data which I

think is important. Safety information.

DR. LIPICKY: No value if it doesn’t come from a

control trial. You can’t interpret it. An open label, just

using A strength produces nothing useful; nothing, zero.

DR. PACKER: Your view on the issue of question

number 11, should the agency be more restrictive?

DR. ROTHSTEIN: It should be guiding in how the

INDs are carried out. I think we need controlled studies. I

#
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think there are also many areas that we haven’t touched on

today -- bone marrow transplant, coronary pulmonary bypass

separate from transplants. There needs to be some typing.

I don’t have the answer for Ray about what the

stick is, other than if the data is not provided during X

period of time, then the IND is withdrawn. Maybe that is

the way to go. I don’t know.

DR. KONSTAM: I think I would answer two different

ways. I would say that the agencies should have been more

restrictive in the beginning.

I think that it would be awfully nice if, as a new

drug is coming out of the bag, if there is a way to

influence industry to conduct trials in such a way that we

can get a useful data set, because I don’t think this is as

good as we could get right now. So, now we are in that

situation.

I think there is an important lesson here, in

terms of -- I don’t think every investigator IND really

serves a useful investigative purpose.

I think they are often compassionate use trials

because the investigator has a strong bias that the drug has

an effect, but I don’t know how much good in general we get

out of these investigator INDs.

I think there is another point in terms of the

current state of affairs, which is that the drug is out

,.
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there.

I think you cannot deny the sort of word that we

have heard from the community out there using it, and I just

want to make the point that if we were sitting here creating

a guideline now, instead of talking about regulatory

process, we probably would wind up recommending inhaled

nitric oxide.

Perhaps we could even call it level A data because

there are randomized controlled data. Given sort of that

context, what do you C1O when the drug has already been

widely in the hands of the community. There are a lot of

people out there who believe the trials that have been done.

There has been no NDA filed, so there has been no

formal action by the FDA. I think some of the comments that

are being made here, I will paraphrase it differently

saying, in that context there would be a real down side if

you say, now we can start withdrawing this or being more

restrictive. I think that there is that context that has to

be viewed.

DR. TEMPLE: I think this conversation has been

very useful. It is just worth mentioning that there is a

completely different conversation going on in the nation.

There are several bills pending before Congress

that would make essentially anything that a physician wants

and a patient wants also available, with little capacity for

.,,
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the FDA to restrict it in any way.

All of that relates to matters of personal freedom

and things like that, which is another theme.

Of course, cmr response to this is that we think

it is very important t.o eventually get the data, and when

that kind of access interferes with getting it, it is really

a detriment to the whc)le community.

so, the conversation is quite helpful, but it is

some interest that the political process is looking at some

aspects of this from a very different aspect at the moment.

DR. LIPICKY: It is a little

suppose, but the histc]ry here has some

think you are addressing that.

bit self serving, I

relevance . Marv, I

At the time that nitric oxide started out, what we

knew of as regulators is that there would be three adequate,

well controlled trials performed, that were dose ranging,

that were conducted using protocols that we had reviewed and

where everybody had talked to one another and everybody had

gotten together.

We knew that if the outcome of those trials was

favorable, everything would be terrific. The data you are

looking at now is that two of the three trials we knew of

found absolutely nothing statistically significant.

One of the trials was aborted prematurely, and I

think that that is something that can be argued about and

*
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talked about for a long time. The other two trials, nobody

ever knew anything abc)ut.

Nobody was involved in those protocols. There was

very little in the way of prespecified stuff and there is no

statistical point of view.

Because of a single trial, a single trial, that

got published in a prestigious journal, the field said, we

will no longer study nitric oxide.

The other trial that was going on -- two of them -

had to stop and analyze themselves as a single one because

they could no longer recruit a patient. If things had gone

along okay, everything would be cool.

DR. KONSTAM: Ray, let me just say I did not make

my remarks to be critical in hindsight.

DR. LIPICKY: No, I didn’t take it as critical.

The trouble is that time zero would be new, and then as time

evolves you have to make an adjustment.

DR. KONSTAM: I don’t know how any of that relates

to the granting of individual investigator INDs.

DR. LIPICKY: We reasonably agree with that. We

agree with the notion that there has to be a lot of brownian

motion, and every once in a while an amoeba breaks through

the barrier.

DR. TEMPLE: We generally don’t try to restrict

people’s ability to carry out things of interest to them,

*
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something that is dangerous, that would be a reason,

that gets in the way of doing definitive studies.

As Ray has said, we thought the definitive
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use of

use

studies

were going on. Ordinarily in that case, we would not

necessarily try to stop

DR. KONSTAM:

them.

But you just asked us the question

of whether you should be more restrictive.

DR. LIPICKY: You have seen the outcome of the

last five years. We are asking you to be critical and say,

you did wrong. We are willing to listen to that, and do

something different. You almost did that, but now you are

backing off.

DR. PACKER: Let me ask Ray an operational

question. Nearly everyone on the committee has, in some

way, shape or form, suggested that the present situation is

not optimal, and that some degree of -- the word restriction

may or may not be appropriate -- that some guided approach

is what is needed, that the present plethora of uncontrolled

experiences does little to foster the knowledge about the

drug and does expose (cases -- although in a very well-

intentioned fashion -- to a drug whose at least long-term

toxicity is definitely not -- the long-term stages are

definitely not known.

I guess the question I have is, is the division in
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a position to make judgments about which INDs should be

granted or not?

In other words, in general, can you imagine what

it would mean if all 300 IND holders were to say, okay, they

want something a lot more scientific than what I submitted

before.

I promise that I will behave and I will put

something in. And they will put a whole bunch of things in

which may or may not meet whatever scientific standards are

being proposed.

DR. LIPICKY: I don’t know the answer to your

question, but we have heard what you have said and we accept

what you have said, and we will find out what is going to be

going on here, and we will try to determine whether our

policy is standing in the way of getting a controlled

clinical trial done.

If our policy is standing in the way of getting a

controlled clinical trial done, if our policy is standing in

the way of getting a controlled clinical trial done, I will

try to convince Dr. Temple to allow me to try to figure out

what you just said.

Then we will write to somebody and tell them that

they are in trouble.

DR. KONSTAM: I would just like to frame this

again by saying that there what I would call a legitimate
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disconnect between the regulatory approval process and the

way the physician community makes it decision, on a fairly

formal basis, in fact.

I think that is what we see. If the drug has

permeated into the community and the trials go on, you must

expect that the community will make those decisions

independently.

DR. LIPICKY: Of course, but I am going to

exaggerate what I heard you say. What you said is that if

you recognize that the community has made a judgement that

is impeding the progress of real drug development on the

basis of its behavior,
‘-”~.

exercising regulatory authority to

*+ make sure that that doesn’t happen -- that is what I heard

you say.

DR. KONSTAM: I would say it is a lot easier to do

that, if you had started it, proactively.

DR. LIPICKY: I understand. What I also heard you

saying is that you think that the medical community has made

that distinction.

DR. KONSTAM: No, I am not sure whether it has.

DR. LIPICKY: Then we have no basis for doing

‘A.

...

anything.

DR. KONSTAM: What I said actually is that, I

think if you were writing a guideline today for persistent

pulmonary hypertension of the neonate, I think we would want
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to recommend inhaled nitric oxide on the basis of level A or

B evidence.

What I am saying is that I don’t think I would go

so far as to say that I think the community has made a

mistake.

I think that the level of evidence that exists or

has been reviewed is not sufficient to satisfy the

appropriate regulatory process. But that is not the same as

saying the community has made a mistake.

DR. LIPICKY: What basis do you have for saying we

should be more restrictive. You have just taken away

‘3”-%
everything I had.

.=.
~.... DR. TEMPLE: There is a reason, Ray, and we WrOte

a rule to allow for this. If trials that aren’t well

controlled studies are interfering with the ability to do

the studies to get the answer, we can discontinue the

treatment INDs or anything.

DR. LIPICKY: You normally need the answer if you

don’t know it and Marv says that he knows it and the medical

community knows it.

DR. TEMPLE: No, he didn’t. He said different

people use different standards in different settings.

Sometimes you go with half a loaf when you don’t know what

better to do. That is hardly news.

DR. PACKER : Let me just maybe close this matter
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by simply saying that I think that the committee -- I

believe unanimously -- supports the concept that the agency,

if the development of this drug were to continue, that the

agency should take a more disciplined approach to the INDs.

Would anyone disagree with that?

DR. THADANI: A disciplined approach?

DR. PACKER: A disciplined approach to INDs.

DR. LIPICKY: Don’t even ask if anyone would

disagree. Just make the statement.

DR. PACKER: It sounds like that is unanimous, and

we are adjourned. Thank you.

[Whereupon, at 6:40 p.m., the meeting was

adjourned.]
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========= ========= ========= ===:

7,400 (1)[102,21
7-2(1 )[300,51
7.1(1 )[298,6]
7.2(1 )[298,91
7.5(1 )[181,9]
7.60( 1)[181 ,91
70(4) [155,18] [186,16] [200,8] [24
8,131

71(1 )[129.131
72(2) [145;131 [244,3]
75(3) [192,23] [231,73 [270,41
77(1)[188,181
78(1 )[257.231
79(2) c120;19j [192,231
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=======.======================:
8 8 I

=s—=%========== ==============’
f )[132,7’I
L ;313,121
8.c,c) [309,191 [309,221
80(38 )[11,241 [15,21 [16,11 [29,1f
[38,191 [38,201 [40,211 [40,231 [~
1,21 [41,51[48,201 [132,21 [136,:
4] [148,171 [152,4] [153,111 [154,
71 [155,51 [182,141 [182,151 [188,
173 [209,81 [217,11I [227,20] [22t
,91[230,61[234,61[244,51 [266,/
[246,151 [246,181 [247,141 [257,;
4] [285,191 [285,21] [295,8] [299,
8] [307,51

80-50 (1)[286,91
84(1) [188,181
84TH(l) [1,31
85(1 )[296,131
86(1) [120,211
87(2) [33,81 [33,131
========= ====----------==*= ===.

9 9 5
========= ❑ ======= ======= ======:
9.1(1 )[316,61
9.2(1 )[316.61
9.5(1 )[37,{81
90(12) [141,31 [142,151 [179,121 [2
14.241 [215,3][218.21 [218.5] [21
8,;51 [218,173 [219;171 [261,241 I
322,221
90-PATIENT(1) [220,191
91(1) [11,131
92(1 )[247,131
93(1) [248,141
94(1) [103,121
~“-=) [264,3] [264,13] [264,151

1(1)[87,21]
i31,173 [121,221 [130,201 [31

-,-
97(1:[145,121
98(1) [192,251
=====.=== ==s=============== ====
k A A
-------------------------- ---------------------------- --------
K,B,c,D,E(1)[293,171
k.u(l)[l,ll
4BDOMINAL( 1)[1O5,3I
kBERRANT( 1)[281,173
4BILITY(10)[5,23I [27,73 [77,141 [
84,22I [90,41[110,251 [275,9] [29
2,31 C337,121 [341,2]
4BLE(21) [81,181 [81,181 [88,241 [1
09,101 [139,101 [147,31 [1Z3,61 [2
22,51 [226,23I [228,41 [234,1I [23
4,91 [268,151 [276,181 [278,161 [2
84,241 [304,73[304,121 [308,101 [
314,241 [315,25]
4BNAN(7) [42,13][42,14] [42,14] [2
13,181 [255,111 [260,231 [276,131
tBNOR14AL(6)[97,25] [135,20] [178,
2] [179,211 [313,151 [313,177
4BNORHALITIES(4) [106,25] [247,22
[248,41 [248,161
LBNORHALITY(2) [229,161 [248,11
iBoRTED(l) [336,111
iBOVE(5) [99,18j[214,5] [222,3] [2
46,91 [246,173
iBsENCE(3) [20,21][301,20] [326,2

&LUTELY(9)[6,221[63,91 [137,5
‘7,22][239,13] [274,8] [281,4]
),31[336,101

,.--JRB(1)[34,25I
ABSOR8ANCE( 1)[276,101

ACADEMIC(1) [25,251
ACCELERATE(2) [50,131 [52,241
ACCEPT(14) [70,151[70,251 [74,12:
[76,241 [81,21[82,231 [140,121 [
64,91 [169,181 [170,141 [171,111
256,111 [291,31[338,251

ACCEPTABLE(1) [~, 41
ACCEPTED(6) [33,81[77,31 [149,24:
[149,241 [185,101 [279,81

ACCEPT ING(l) [170,41
ACCEPTS(1) [158,20]
ACCESS(3) [116,81[274,101 [335,1[
ACCOMPLISH(I )[177,21
ACCOMPLISHED(1) [264,221
ACCORDANCE(1) [2,51
ACCORDING(2) [190,41[202,231
ACCOUNT(3) [30,71[152,161 [253,3:
ACCOUNTED(l )[274,41
ACCWNTS( 1)[45,91
ACCUMULATING(1) [53,121
ACCUMULATION(2) [53,101 [55,31
ACCURATE(3) [70,111[94,141 [314,’

A:iiIEvE(4)[58,151[241,51 [271.51
[315,181 “ - -

ACHIEVED(6) [31,251[44,141 [70,11
[240,241 [251,171 [257,10I

ACID(3) [7,241[11,73 [52,81
ACIDOSIS(3) [I01,81[208,14] [234,
121

ACROSS(13) [8,191[10,161 [33,111 I
40,151 [94,131 [98,91 [98,22] [98,
231 [108,81 [166,141 [166,20] [23$
,191 [243,11

AcT(2)[149,131 [303,81
ACTION(7) [7,191[251,111 [301,181
[318,51 [328,231 [332,231 [335,11

ACTIVATED(2) [62,181 [288,9]
ACTIVATES(1) [8,41
ACT IVATING(1)[1O,3I
ACTIVATION(5 )[8,111 [283,17] [28;
,231 [288,31 [288,61

ACT IVE(2)[198,1OI [301,31
ACTIVIST(3) [327,241 [331,22I [332
,241

ACT IVISTS(l) [328,181
ACTIVITY(l) [49,161
ACTS(1) [119,221
ACTUAL (4) [30,91 [239,11 [249,101 I
316,121
ACTUALLY(92)[13,71 [24,231 [25,18
[26,251 [29,211 [31,61 [50,2) [50,
21 [51,251 [52,91[52,241 [53,201 [
53,22I [59,221 [60,101 162,2] [64,
201 [66,41 [66,111166,151 [67,161
[71,251 [75,21[76,91 [77,171 [78,
11[83,231 [84.121[88.221 [91.16]
tllo,21 t117,21 t122,i3]ci22;15]
[124,201[12S,131[126,21[127,71
[130,51[130,111[130,211[137.13
[141;171 [153,22] [161,22] [167,5
[167,91 [169,131 [171,161 [187,14
[187,173 [190,41[194,20] [196,31
[196,73 [196,101 [196,111 [197,22
[198,41 [198,51 [198,211 [199,41 [
200,81 [201,73[202,231 [203,4] [2
04,151 [236.141[237.151 [237.25]
[250,131[25S,221[265,8i[27i,2i
[272,231[273,5][273,77[286,201
[287,71[294,141[295,21[298,191
[300,231[305,81[306,21[306,71[
306,81[306,221[322,41[323,7][3
29,201[340,101
4CUTE(Z4) [26,31[29,191 [31,10] [3
2,231 [33,16] [39,81[43,7] [63,17
[63,191 [63,201 [63,231 [87,19] [1

07,51 [229.21] [229,23] [235.7] [i
47;21 [247;51[247,81[247,10][2(
8,211[278,121[281,101[301,21
ACUTELY(2)[148,41[227,41
ADD(6)[226,231[279,151[283,81C
00,151[310,151[321.111

ADDED(11) t36,2ij[45;~ [78,141 r
07,151 [111,81 [111,171 [113,11 [’
13,81 [299,9) [309,151 [324,251

ADO ING(3) [108,25] [163,18] [322,1

A~)ITION(15) [43,241 [44,11 [44,81
[45,151 [48,111 [116,71 [145,201 I
184,21 [192,11 [200,131 [228,191 I
229,61 [232,2] [247,101 [276,81

ADDITIONAL [35,19] [45,6] [58,1
91 [58,22] [86,11[231,161 [275,71
[275,101 [316,81

AODITIVE(l) [146,51
ADDRESS(13) [2,171 [27,251 [28,201
[45,201 [89,151 [141,10] [141,201
[141,22] [147,41 [154,241 [190,1C
[200,11 [224,101

ADDRESSED(4) [11O,13I [171,11] [24
2,21 [293,51
ADDRESSES(2) [1,241 [287,181
AODRESSING(l )[335,251
ADDS(1) [115,11
ADENO(l) [131,21
ADEQUATE [7,1][42,61 [67,191 [
78,18] [119,81[132,1?’I[132;231 [
137,21 [2~,51 [312,121 [318,101 [
336,31
ADEWATELY(4) [77,6][124,15] [128
,161 [293,51

ADHESION(4) [8,1OI[8,111 [19,101 [
46,111
ADJWRN(I) [146,71
kDJWRNED(l )[341,231
ADJOURNED.] (1) [341,251
ADJUOICATES( 1)[149,211
ADJUNCT IVE(3) [89,13][91,251 [277
,141

kDJUNCTIVELY(l )[297,22]
4DJUST(1) [199,191
kDJUSTED(2) [199,171 [203,51
4DJUSTING(2) [200,21 [203,7]
40JUSTMENT (1)[337,41
4DJUSTMENTS(1 )[184,121
4DJUVANT(1 )[244,14]
4DLER(1)[126,1OJ
4DM1NISTER(1 )[72,141
4DMINISTERED(4) [51,1OI [181,121 [
195,201 [270,221 - -
4DMINISTERING(2 )[197,111 [269,14
4DMINISTRATION( 7)[24,61 [50,141 [
179,161 [187,251 [188,121 [190,14
[190,24]
4DMINISTRAT1VE( 1)[1,211
40MISSION(l) [68,4]
iDMIT(l)[82,6J
4DMITTED(1 )[185,181
\oMITTEDLY( l)[199,11
4DMITTING(1) [82,81
4DULT(24) [21.131 [40.251 [68.173 [
71,131 [71,231 [143,il [143,~1 [14
3,71 [143,121 [143,201 [151,21 [15
1,121 [151,121 [151,231 [172,131 [
240,71 [267,201 [270,31 [276,191 [
277,161 [287,13] [287,19] [287,20
[288,81
iouLTs(21) [16,251 [18,181 [42,21 [
57,61 [88,221 [142,171 [143,211 [1
51;251 [152,73 [172,51 [223;20j [2
53,221 [254,71 [287,71 [287,22] [2
88,111 [288,131 [288,221 [296,5] [

315.23] [323.141
AOVANCE(2) [98,16] [241,201
ADVANTAGE(5) [40,6] [40,16] [249,
11 [253,18] [266,71

ADVANTAGES(5) [60,15] [146,10] [1
7,51 [158,11 [250,251

ADVERSE(25) [34,11 [34,41 t34,71 [
7,131 [41,7’3[41,81 [42,81 [51,41
51,221 [51,241 [51,24] [55,12] [5
,77 [57,21 [66,221 [68,51 [171,19
[192,11 [192,81 [213,73 [246,41 [
46,5] [256,241 [280,101 [280,121
ADVERSELY (1) [57,31
ADVICE(3) [123,151 [324,14] [326,

4&sABILITY(l)c 147,41
MWISED(2) [224,I4I[302,1OI
4DVISORY(8) [1,41[1,131 [4,231 [5
201 [20,91 [59,8] [59,91 [215,101
40vOCATE(3) [90,9] [206,13] c312,!
4DVOCATING(1 )[77,22]
4E(I) [111,211
hFFAIRs(l) [334,11]
4FFECT(7) [27,22] [57,3] [~,51 [7{
,151 [133,8] [264,24] [296,10]
4FFECTED(3) [45,20] [87,18] [212,;
o]
4FFECTING(2) [95,131[101,10]
tFFECTS(l )[253,8I
4FFORD(3) [16,71 [153,11 [329,61
4FTERNDON(5) [145,5] [147,3] [147,
71 [178,191 [263,231
iFTERNDON$S(2) [59,61[307.111
u2A1N(66)C26,71 [34,173 C35,151 [2
5,171 [39,101 [40,11] [40,16] [41,
1][41,3] [47,101 [47,201 [48,211 I
54,221 [55.71 [56.171 [64.81 [78.2
l]r90,141c92,25i t97,11i [104,2:
tlo5,171 [106,4I [106,15] [106,2L
[108,161 [108,20] [113,131 [117,;
[126,11 [127,161 [128,91 [135,11 I
135,12] [165,17] [169,41 [174,61 I
182,141 [191,71 [192,73 [200,221 I
209,12] [214,21 [214,61 [214,171 I
214,17] [221,13] [222,171 [233,11
[234,31 [245,161 [245,23] [246,11
[246,21 [246,201 [246,24I [248,61
[252,41 [282,151 [284,131 [285,41
[297,231 [304,121 [309,141 [319,1
8] [339,121
iGAINST(l)[256,231
\GE(28)[32,25] [104,1] [122,22] [1
24,41 [145,131 [179.211 [180.151 [
180,16] [180,16] [185,15] [185,15
[185,20] [185,21] [187,3] [192,21
[193,41 [194,81 [208,18] [210,151
[21O,15I [214,21 [231,23] [244,41
[245,31[247,121 [248,151 [267,61
[270,41
kGENCIES(2) [5,71[333,201
IGENCY(14) [6,71 [6,71[134,11] [13
4,121 [176,6] [224,10] [289,15] [3
00,12] [307,21] [325,23] [328,23]
[333,81 [341,151 [341,16]
~GENDA(17) [1,21[2,111 [2,241 [4,2
11 [7,41 [20,5] [28,141 [42,13] [5e
,9] [94,23] [165,18] [178,18] [207
,141 [226,11] [243,17j [263,13] [2
65,231
IGENTS(4)[44,1O] [119,10] [142,25
[229,111
~GO(7)[7,20] [14,21] [71,3] [115,2
3] [176,18] [203,15] [271,251
LGREE(20)[22,21 [63,31 [68.1] [75,
18] [79,161 [82,131[140,211 [164;
41 [168,3] [174,8] [206,11] [255,1
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91 [269,121 [284,171 [288,121 [31’
,6&B2Z, 131 c327,71 [337,71 [337
P

P’ 3)[85,221 [181,31 [316,91
A. -NT(2) [293,81 [325,241
AHEAD(1) [253,21
AIMING(3) [38,91 [39,211 [90,201
AIR(10)[4,9I [45,41 [45,121 [47,1(
[102,161 [104,31 [104,201 [106,1’
[179,191 [191,241

AIR/OXYGEN(l) [11,91
AIRING(l) [5,21
AIRWAY(8) [43.151 [67.191 [96,11 [(
6,91 t127,11j t144,ti [144,9] [2Z
,81

AKIN(1) [296,151
AL(1) [221,181
ALABAMA(1) [265,251
ALAN(1) [71,211
ALBILI(l) [21,21
ALBUMIN(3) [26,31 [55,11[55,31
ALGORITHM(l )[74,171
FILGoRITHMs(l)[183,61
kLIGNED(l) [150,251
ALIvE(15) [27,41 [27,11] [27,141 G
7,173 [39,241 [40,71 [75,161 [76,’
61 [78,51 [78,181 [82,51 [317,221
318,21 [319,91 [320,221
ALKALOSIS[4) [116,191 [116,22] [1[
1,91 [186,151

ALKALOTIC(l )[116,231
kLLEL1c(l) [52,71
hLLEVIATION(l )[239,141
ALLEY(1) [304,221
kLLOGRAFT( 1)[72,61
kLLOGRAPHIC(l )[72,191
LLLoU(18) [7,11[32,211 [91,81 [98,
‘— ‘101,23I [118,14] [119,71 [13(

139,91 [164,1] [213,221 [22$
.272,6I [272,71 [297,51 [326,

‘luJ t339,71 L’341,11
4LLOUED(10) [9,231 [9,241 [15,31 t?
1,111 [32,181 [36,71 [36,101 [36,1
61 [154,121 [183,31
iLLoUING(4) [20,9] [154,18] [207,:
4] [326,21
\LLOUS(l )[58,181
4LMITRINE(5) [36,161 [36,171 [36,;
01 [37,161 [92,41
kL)ioST(lO)[79,171 [93,2] [94,3] [1
31,41 [150,191 [152,17] [259,20] I
283,231 [317,181 [337,241
4LONE(19) [45,131 [83,181 [89,23] I
110,141 [113,201 [113,241 [114,41
[175,25] [200,111 [200,111 [235,4
[295,171 [297,10] [298,51 [299,18
t313,201 [314,91 [315,31 [315,161
\LONES(l) [55,21
\LONG(12) [4,251 [5,173 [5,18] [15,
4] [51,231 [54,41 [64,91 [116,201 [
159,141 [220,21 [241,211 [336,24]
\LTER(l)[165,101
kLTERATION( 1)[238,25I
~LTERATIoNS(3) [4,1] [15,14] [239,

kJ+ERED(3) [19,71 [70,11 [70,201
iLTERING(l )[47,13]
~LTERNATE(3) [123,131 [129,10] [13
5,61
~LTERNATIVE(6) [113,4] [123,5] [17
0,121 [225,14] [281,231 [330,171
‘ ‘=QNATIVES(2) [158.21 [158.91

JGH(21)[16;121 k43;21 [~8;81

t
71 [60,13] [62,161 [78,21] [79

, 10][97,11 [101,4) [122,161 [131.

,131 [225,21 [249,121[255,21 [28
,221 [338,91

AiTON(l)[i72,41
ALVEOLAR(6) [15,201[45,181 [51,1
[131,21 [211,21[211,51

ALVEOLARIZATION( I)[51,181
ALVEOLI (2) [271,51[271,61
ALUAYS(l I) [14,171[16,81 [18,221
18,231 [80,211[150,51 [166,121 [
68,11 [235,171 [253,13] [273,91

AMALGAHATION(l )[146,21
AMAZED(1) [92,111
AMBULATION(l )[193,131
AMBULATORY(2) [248,221 [248,241
AMERICA(4) [13,71[13,8][13,9] [1,
,171

AMERICAN(1) [23,171
AMERICAN-EUROPEAN(1) [38,71
AMINO(2) [7,231[323,21
AMNIOTIC(2) [103,ZI [104,201
AMOEBA(1) [337,91
AMONG(6) [39,23] [129,201 [207,19;
[291,221 [293,81[305,31

AMONGST(2) [157,121[304,41
AMWNT(16)[1O,9I [51,101 [51,111
54,16] [62,5] [66,161[136,19] [I(
8,9I [173,71 [li3,8][219,22] [24’
,8] [250,15] [261,2][277,24I [30:
,24I

AMWNTS(l )[65,11
AMPLE (1) [22,221
ANALGESIA( I)[186,141
ANALOGS [160,181 [160,23] [1(
7,141 [168,21 - -
ANALOGY(4) [63,171[63,211 [76,25:
[290,221

ANALYSES [61,111[134.25] [13~
,251 [189,21 [20~,51[243;1] [261(
81 [261,151 [273,91[273,91
kNALYsIs(49) [34,111[40,91 [n,2
[75,181 [88,71[126,31 [127,191 [’
75,91 [188,251 [189,141 [190,11 [<
90,22] [194,251 [195,11 [195,31 [’
95,8] [195,91 [195,191 [195,231 [’
99,171 [199,21] [199,221 [199,23]
[207,241 [21O,17I [213,21] [216,!
3] [218,251 [222,171 [223,6] [2234
131 [225,91 [225,12] [229,20] [23’
,6] [231,71 [231,11][231,19] [23f
,201 [235,161[235,161 [239,14] [2
45,22I [247,4][259,4] [259,11] [;
61,17] [261,171 [263,161
iNALY2E(5) [213,11][214,16] [243,
61 [310,111 [336,221
4NALYZED(8) [188,24][189,24] [19[
,41 [208,31 [210,4][216,13] [219,
61 [219,81
4NALYZER(1 )[184,19]
iNALYZING(2) [101,151 [306,18]
iNAToMIc(l )[103,181
iND/oR(6) [10,51[105,151 [179,61 I
189,13] [218,61[285,71
\NECTODALLY(l )[88,161
\NESTHESIA(2) [31,31[207,171
INESTHESIOLOGIST( 1)[7,71
\NESTHESIOLOGISTS(l )[7,131
\NESTHESIOLOGIST [10,121 [226,131
iNESTHETIZE( 1)[226,231
iNGELES(3) [9,61[9,71[9,91
kNGINA(l) [86,91
\N1HAL(19) [19,181[24,101 [24,141
[24,201 [24,221[24,241 [25,6] [25
,81 [49,81 [49,101[50,20] [51.21 [
53,71 [54,8] [58,41[60,61 [144,12
[154,161 [237,151
iNIMALs(lO) [3,71[3,201 [4,6][22,

22] [50,16] [52,21 [52,241 [53,91
53,111 [54.61

AN IiA(l)[4;2i]
ANNWNCEMENT(2) [1,231 [244,23]
ANoMALIES( 1)[208,211
ANOXIA(l) [19,241
ANSWERED [158,15] [267,13] [28
,171 [289,24] [290,6] [306,10] [3
6,111 [309,181

ANSWERING(1) [274,221
ANSUERS(2) [268,241 [300,11
ANTI -(3) [13,51 [16,101 [57,151
ANTI -ANGINAL(l )[86,101
ANTI-COAGULATION(1) [14,9]
ANT I-OXIDANT(l )[276,151
ANTI -PROLIFERATIVE(1) [49,61
ANTIARRHYTHMIC(3) [63,241 [64,41
86,19]

ANT IBIOTICS(l )[119,111
ANT ICIPATE(1) [66,81
ANTICIPATED(2) [187,221 [250,13]
ANTICIPATION(1) [307,25]
ANTIOXIDANT(2) [48,251 [53,201
ANTIOXIDANTS(l )[54,21
ANYBOOY(4) [91,211 [158,31 [283,8
[293,17’I - -

ANYMORE(2) [19,221 [86.171
ANYONE(26) [5,23] [61,3] [75,1] [8’
,101[91,10] [94,16] [174,161 [17~
,171 [178,6] [225,20] [291,19] [2!
1,25] [292,1] [297,14] [300,4] [3[
0,81 [304,23] [305,12] [306,3] [3(
6,121 [31O,7I [315,111 [316,131 [:
24,171 [341,173 [341,20]

ANYWAY(4) [18,241 [200,21 [206,31
273,101

ANYUiiERE(l)[31,171
A02(1) [251,251
AORTA(1) [237,24I
AORT IC(1)[227,101
APACHE (1) [93,21
APART(4) [49,91[180,111 [187,1] [:
20,14]

APGAR(l )[231,24I
APNEA(I) [96,181
APOLOGIZE(1) [93,131
APPARENT(6) [3,31t3.31 c37.241 [6/
,241 [161,241 i245,211- -

APPARENTLY(2) [215,51 [237,31
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k%TUDES(l )[277,2)
‘ITTITUOINAL(l)[6,31
4TTRACT(1 )[21,25I
4TTRACTED(1 )[164,10]
4TTRIBUTABLE(1 )[332,161
4TYLACATIC(I )[108,17I
UJDIENCE(9) [91,221 [142,19] [156,
211 [174,201 [205,151 [276,5] [295
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154,91 [156,13] [165,11 [173,211 [
175,14] [193,81[194,241 [218,241
[220,251 [224,141 [224,16] [236,2
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.ETT(3)[88;20] [88,20] [90,2]

~BENZ ING(3) [25.241 [54.221 [54.251

BERLIiJ(l)[17,251
BESIDES(1) [153,211
BEST(19) [72,21 [74,1][74,21[75,2
51 [101,141 [122,141 [133,101 [136
,211 [149,111 [149,13] [154,221 [1
62,91 [195,18) [202,61[221,191 [2
43,81 [260,171 [261,211 C31O,1I
BET(1) [315,111
BETH(1) [215,131
BETTER(40) [15,251[21,241 [69,11 [
69,251 [77,181 [78,81[78,111 [79,
221 [82,111 [91,171[108,181 [108,
21) C112,171 [114,31[114,41 [115,
131 [117,211 [122,11[124,11 [138,
31 [138,141 [141,111 [148,71 [148,
211 [160,201 [161,21[161,91 [204,
15] [204,161 [207,31[212,151 [213
,41 [220,111[220,141[222,71 [273
,41 [307,61 [317,181[332,111 [341
,111

BETWEEN [25,121 [37,21 [39,211
[40,51 [44,161 [46,23][50,111 [56
,5I [57,20] [57,231 [58,21 [65,7’2[
82,213 [83,211 [85,81[85,201 [89,
201 [89,25] [91,91[97,21] [103,14
[106,7I [113,101 [122,201 [124,51
[130,161 [132,31 [135,25] [136,10
[144,81 [148,31 [155,11 [155,241 [
164,19] [172,91 [182,181 [183,41 [
183,16] [183,221 [185,151 [185,16
[185,191 [186,21 [186,101 [186,12
[189,201 [191,61[192,151 [210,16
[211,111 [212,251 [214,31 [214,25
[216,17] [220,201 [222,11) [226,1
61 [232.173 [232,241[245,121 [247
,18] [2~7,23I [248,21 [248,41 [248
,111 [248,13] [254,11[286,111 [28
6,171 [287,241 [302,241 [327,221 [
339,131
BEYOND(2) [274,201[286,131
B1As(9) [191,11 [191,81[199,21 [19
9,21 [221,241 [236,241[250,161 [2
53,131 [334,71
BICARBONATE(1) [208.151
B1D1RECTIONAL(5 )[1O1,18I [217,12
[239,41 [242,201 [258,181

B1G(13) [40,111 [67,41[83,!31 [85,
201 [102,21 [144,71[162,24] [200,
172 [221;4] [222;251 [;!35,3][256;
71 [283.151
BIGGER (i)[19,181
BIGGEST(4) [72,31[196,,10][196,12
[196,131

31LATERAL(2) [20,201[38,81
31LL(l) [323,31
31LLION(l) [82,221
3ILLS(1)[335,1OI
31ND(1) [8,251
31NDING(I) [45,71
310LOGIC(1) [266,151
310PSY(1) [135,161
310STATISTICAL( 1)[184,6]
31RMINGHAM(I )[265,25]
31RTH(4) [142,151 [i42,16J [185,15
[231.231

31RTHDAY(l) [7,171
3IRTHS(2)[102,2I [105,21
31T(39) [30,24] [38,11[39,5] [39,8
[40,61 [54,19] [64,11[75,171 [75,
19][78,16] [91,111 [92,22] [115,!
2] [137,12] [155,211 [156,2] [157,
191 [166,151 [184,211 [191,11) [19
6,19] [200,21] [205,9] [221,6] [22
3,22) [225,9] [235,11 [245,7’2[245
,71[255,211 [272,41[287,6] [288,

111 [298,11 [304,71 [321,131 [321,
211 [327,16] [335,231 ,

BITS(1) [311,71
BLACK(1) [319,181
BLAME(1) [332,51
BLAMEO( 1)[332,91
BLANK(1) [230,181
BLEEO (1)[244,91
BLEED ING(10)[47,7I [55,141 [55,1[
[55,231 [55,241 [63,121 [64,91 [Ii
5,171 [125,241 [172,241

BLEEDS(1) [56,51
8LIND(3) [236,211 [250,211 [261.1;
BLINOED(6) [65,181 [88;21[149,211
[155,91 [213,141 [230,251

BLINDEDNESS(3) [196,18] [197,51 [1
97,91

BLIND ING(l) [228,241
BLINDLY(1) [304,221
BLOCK(1) [50,121
BLOCKADE(3) [50.141 [181.101 [186,
151

BLOOO(68) [6,91[14,161 [14,241 [17
,201 [21,31 [21,251 [43,151 [45,73
[45,161 [50,31 [89,51 [89,61[89,1
61 [89,201 [93,21 [94,111 [95,221 I
97,181 [98,81 [98,211 [100,101 [11
4,151 [116,211 [119,211 [119,2211
120,2] [125,14] [137,131 [137,141
[137,151 [137,161 [137,251 [138,1
01 [138,141 [138,151 [138,221 [135
,101[142,14] [142,151 [180,101 [1
81,81 [182,9] [183,121 [186,231 [1
86,241 [186,25] [208,131 [209,51 [
227,11 [227,51 [227,91 [227,101 [2
28,201 [230.81 [230,81 [230,131 [2
31;141 [232;31 [232;71 [235;101 [2
37,161 [237,25] [238,21 [238,101 [
238,141 [238,17] [239,181 [239,1$

BLOU(l) [19,191
BLUE(3) [17,10] [211,181 [232,151
BLUNTED(1) [222,151
BMT(l) [87,251
BOARD (1)[42,161
BOB(3) [167,131 [168,231 [302,73
BOB’S(2) [76,31 [315,151
BDOIES(2) [312,221 [312,251
BODY(7) [22,211 [!19,231 [145,171 [
271,31 [300,121 [313,21 [325,11
BONE(8) [87,181 [87,221 [87,251 [88
,41 [88,171 [329,21 [330,71 [333,1
71

B;NUS( 1)[277,241
BOOKLET(1) [283,121
BDOKS(l) [319,181
BORN(5) [14,11 [101,251 [252,51 [25
2,101 [253,61
BOSTON(2) [1O3,8I [124,171
BOTH(51)[16,1O] [27,21[28,171 [31
,12] [33,16] [36,21 [36,191 [40,13
[59,121 [103.91 [105.61 [111,131 [
111;141 [113;9] [113;191 [113,221
[120,21 [127,121 [133,171 [137,22
[138,61 [154.81 [161,221 [166,121
[167;201 [172,4] [177,21 [177;21 [
182,191 [187,21 [191,11 [193,221 [
196,11 [200,61 [200,81 [200,91 [20
0,111 [204,81 [214,31 [219,221 [22
1,241 [245,11] [262,11 [262,141 [2
76,18] [287,19] [287,201 [295,151
[295.?51 [303.41 [303.101

BOTTOii(l)[222;81 “
BWNDARIES( 1)[185,81
BoUNDARY [202,241 [202,251 [203
,1)[203,21 [220;181

BOXES(2) [232,161 [232,161

BRACHIAL(l) [54,171
BRAIN(5) [125,24] [130,25] [180,20
[192,61 [269,201

BRANCHES(1) [301,131
BRAND (1)[246,111
BREAK(7) [94,17’2[94,172 [97,31[13
3,21] [133,231 [134,21 [146,121
BREAKING(1) [133,151
BREAKS(1) [337,91
BREATH(3) [19,201 [116,11 [144,81
BREATHE(5) [9.131 [9,171 [9.201 [76
,12] [227,31 -

BREATHED(6) [9.91[11,41
2,191 [13,111k18,16j
BREATHING(20) [9,19] [11
[12,211 [13,131 [96,23]

[11,241 [’

,211 [12,5
[208.91 [;

27, i3] [227;18] [227,21] [22;49]I
232,61 [233,7] [233,i11 [233,241 I
234,6] [237,22] [244,31 [276,121I
312,241
BREATHS(1) [118.211
BRIEF(5) [108,2~l ti43,251 [275,2(
[275.211 [275.211

BRIEFiY(i) [3;&j[~2,191 [47,21[47
,51 [56,141[170,25)

3R1GHAM(1) [215,121
3RING(3) [127,16] [192,171 [303,21
3RINGING(2) [194,121 [302,24]
3RITAIN(1) [320,41
3RITISH(8) [141,131 [170,3] [170,8
[261.231[262,41 [262,61 [262.121
[292;211 - - “

3ROCOFRAMES(1 )[104.41
3ROKEN(1) [8;51- - -
3RONCHCOILATERS(1 )[193,241
3RONCHOPULMONARY( 10) [164,21 [179
,191 [179,201 [191,251 [244,9] [24
9,19] [255,9] [313,18] [314,3] [33
2,81
3ROUGHT(3) [67,241 [308,23I [315,2
31
3ROUN(1) [4,2]
3ROUNIAN(1 )[337,91
3RUCE(2) [52,201 [52,221
3TBV(1)[296,172
3TPF(1)[295,221
3UFFALO(1)[229,11
3U1LDING(4) [2,91[13,251 [13,251[
18,2]
3uLL’S(1) [272,21
3ULLET(1)[68,251
3UNCH(5) [256;141 [274,61 [330,221
[331,31[338,201

3USINESS(1) [8.211
WY(l)[38,231-
3YPASS(4)[102,19] [112,41 [137,21
[333,131
3YPASSED(1) [14,131
:================== ========= ===
.. c c
,=================== ===========
:ALCULATE(1)[82,251
:ALCULATED(2) [95,251 [203,41
:ALCULATIONS(I )[57,81
:ALIFF(16) [64,151 [67,131 [81,161
[93,121 [93,151 [161,211 [163,21 [
199,41 [200,4] [222,231 [223,41[2
23,151 [223,241 [253,161 [256,71[
272,91
:ALIFF’S(l) [94,91
:ALL(9)[1,21[1,31[5,101 [1D2,51 [
198,221 [217,12] [245,181 1334,19
[339,121
:ALLED(4) [9,18] [19,241 [22.211 [7
8,221 . “
:ALLS(l) [167,51
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CAUE(15) [8,191 [14,221 [17,131 [3;
~?l [37,41 [75,24] [134,111 [136,’

‘~6,23][206,241 [224,51 [259,
76,41 [320;201 [321,41

L. IAN(1) [178,251
CANCER(4) [19,111 [267,111 [268,1:
[2i3,121

CANDIDATES(2) [180,231 [293,41
CANNOT(6) [133,21 [225,221 [267,li
[270,111 [294,131 [334,131

CANNULA(2) [120,11 [120,31
CANNULAS(5) [126,81 [120,81 [120,$
[162.111 [176.231

CANNULATED(3) [221,211 [222,21 [2i
6,61
CANNULATION(5) [16,91 [43,91 [177,
8] [221,201 [228,51
CAPA81LITY(1 )[25,Z31
CAPACITY (3)[11 ,51 [99,181 [335,1i
CAPILLARIES(l )[25,121
CAPILLARY(lO) [21,3I [21,161 [24,’
91 [25,191 [25,231 [26,71 [57,73 [1
31,21 [211,21 [211,51
CAPTURE(3) [323,51 [323,81 [323,1’
CARBON(4) [9,1OI[10,181 [117,161 I
276,111
CARBONATE( 1)[116,221
CARCASS(1) [238,11
CARO1AC(11)[57,1OI [95,181 [100,1
[106,241 [114,251 [117;151 [119;1
11 [239,2211239,241 [240,21 [240,
19]
CARDIO-RENAL(l )[20,81
MRDIOGRAPHIC(l)[243,251
CARDIOLOGIST(3) [151,131 [156,11 I
207.161
ti_~cI~~:IsTs(3) [151,111 [258,1;

~LOGY(2) [74,11 [156.61
.IOPULMONARY(2) [102,i91 [112,

:1#DIoTETIc(2) [295,221 [296,171
:ARDIOTONIC(l )[119,1OI
:ARDIOVASCULAR(8) [1,41 [68,101 [1
49,201 [201,231 [202,141 [280,181
[295,231 [296,191
WE(43)[19,231 [20,121 [20,!81 [i
3,141 [23,181 [28,41 [28,181 [38,?
[42.171 [64.181 [67.191 [68,171 [t
9,2] tm,25] [74,10] [81,241 [82,4
[87,101 [87,131 [88,211 [88,211 [1
18,14] [121,21] [133,11] [142,19]
[148,151 [150,21 [151,231 [152,1C
[152,141 [161,251 [175,31 [175,17
[175,221 [178,21] [197,141 [207,1
6] [215,11] [276,18] [296,4] [309,
21 [321,51[322,121
AREER( 1)[25,25I
AREFUL(5) [60,31 [124,21] [151,2C
[289,121 [319,21
AREFULLY(7) [19,8] [73,10] [149,1
71 [221,191 [254,151 [300,251 [310
,211
ARING(5) [90,151 [115,20] [150,15
1164,141 [230,24]
AROLINA(2) [9,181 [115,101
AROTIO(9) [43,9] [119,20] [119,24
[120,41 [125,51 [125,61 [132,211 [
140,111 [140,131
ARRIED(4) [215,3] [265,13] [325,1
31 [333,101
--WI ES(1) [160,171

!Y(4)[275,91 [304,81 [329,121 [
,7,121

ICART(l) [13,211
CARTOON(1) [21,18]

CASE(17) [22,241 [42,251 [81,21 [IC
6,121 [110,101 [138,21 [149,151 [1
52,221 [157,171 [161.221 [200,131
[202,6] [20;,151 [310,171 [319,23
[332,231 [337,171

CASES(15) [35,151 [57,41 [89,101 [1
02,171 [103,121 [105,51 [109,101 I
198,13] [268,131 [268,131 [268,14
[268.151 [283.121 [295,151 [338,8

CAT(1) [274,11- -
CATEGOR1ES(7) [95,101[111,71 [120
,25I [124,101 [166,141 [185,221 [2
25,221
CATEGORY(7) [111,251 [112,11 [161,
121 [161,151 [163,51[163,81 [166,
251
CATH( 1)[239,221
cATHETER(4)r71,191 [12,191 [13,1C
[98,11]

CATHETERIZE(l )[15,51
CATHETERS(2) [158,211 [226,241
CAUSE(28)[1O,11I [10,191 [21,101 [
26,20] [43,61 [43,211 [44,251 [45,
61 [47,191 [48,241[48,251 [62,201
[71,3] [72,6] [96,25][98,12] [100
,21 [100,51 [100,251 [104,14] [104
,19] [107,25] [109,9][114,172 [11
7,221 [139,31 [193,191 [194,11

CAUSE-SPECIFIC(3) [68,81 [78,21 [8
5,251
CAUSEO(ll) [24,171 C34,11 [34,141 [
50,11 [51,61 [100,191 [102,141 [10
4,7I [105,31 [107,121 [114,91
CAUSES(18) [21,41 [26,251 [48.1] [5
0,221 [71,51 [86,11[97,141 tio2,1
51 [103.15)[105>221 [108,101 [114
,22] [130,231 [130,241 [193,18] [1
93,191 [193,191 [213,91

CAUSING(13) [44,41[48,241 [69,191
[83,11 [98,51 [99,111 [105,141 [10
6,18] [109,51 [114,151 [138,23] 11
54,21] [185,231
CAUT ION(1) [30,221
CAVEAT(1) [136,81
CAYAN(2) [35,181 [37,141
CEASED(1) [185,101
CELL(4) [8,131[45,17] 146,101 [46,
191

cELLS(15) [3,121[3,18][3,221 [10,
4] [10,5] [10,5][10,9][10,25] [45
,5] [45,73 [45,161 [45,161 [45,18]
[45,181 [55,11

CEMP(l) [19,91
CENTER(30) [20,111 [88,61 [115,91 [
123,3] [123,4] [123,25] [128,4] [1
47,19] [152,21 [152,131 [173,31 [1
81,2] [182,5] [184,6] [185,19] [19
8,5] [207,51 [207,20) [213,10][22
8,31 [236,9] [236,11] [236,171 [26
6,1] [294,12] [294,12] [294,17] [2
95,101 [323.131 [325.141

CENTER’ S(I)(294,181’
cENTER-sPECI FIC(2) [183,111 [191,
191

CENTERS(23)[102, II[120,131 [122,
211 [123,21 [150,201[152,15] [152
,17] [152,18] [163,6][207,4] [228
;251 [236;11 [236,81[252,61 [252,
81 [252,221 [253,41[253,6] [253.1
11 [279;171 [294;1311322,51 [325,
121

CEREBRAL(4) [116,211 [193,81 [247,
25I [267,251

CERTAIN [43,191 [66,11 [70,131
[78,14] [85,41 [104,111 [125,121 [
126,171 [132,111 [138,231 [160,71

[168,16] [171,12] [225,21] [250,’
51 [322,181 [326,51

CERTAINLY [9,3] [16,191 [19,21
[61,61 [69,121 [73,211 [77,81 [82,
11[90,21 [94,41 [98,21[106,141 [’
06,171 [108,11] [114,251 [118,251
[125,171 [126,31 [126,191 [154,73
[174,1OI [198,241 [201,241 [205,1
6] [240,2] [251,15] [251,19] [283,
24] [300,121 [300,191 [302,201 [3(
7,241 [316,181 [317,121

CERTIFICATION(2 )[184,3] [184,151
CERTIFIED (1)[42,16]
CERTIFYING( 1)[184,41
CESAREAN(l )[226,221
CETERA(12) [86,18] [152,3] [172,24
[172,24] [1Z5,191 [173,19] [216,1
41 [283,131 [288,31 [313,41 [313,5
[323,21

CHAIRMAN(2) [215,141 [278,221
CHAIRMEN(1) [224,141
CHALLENGE(4) [26,151 [27,11[32,41
[32,91

CHALLENGED(1) [31,191
CHALLENGING(2) [77,211 [107,21
CHANCE(8) [60,11 [131,231 [148,171
[155,41 [155,61 [155,141 [259,141
[259,161

CHANGE(39) [6,3][12,1] [32,13] [7C
,161 [70,24] [85,71 [85,91[88,71 [
109,211 [130,21 [141,91 [144,101 [
173,201 [178,101 [179,17] [179,22
[189,81 [189,81 [189,91 [189,101 [
211,161 [218.101 [221,161 [221,25
[236,71 [238;211 [238;211 [238;24
[245.141 [257.41 [274.231 [276,31
[276;81 [281,iOl [290;71 [290,61 [
303,5) [316,241 [318,31
CHANGED [6,121[31,231 [86,231
C120,251 [154,111 f181,161 [202,4
[202,71 [217,201 [221,121 [227,51
[250,181 [258,131 [281,171 [294,1

Ci]NGES(27) [35,71[39,201 [41,21 [
52,141 [52,151 [53,191 [55,241 [85
,61[88,121 [89,251 [90,91[91,91 [
94,101 [107,121 [108,41 [117,141 [
lti,131 [18~,131 [189,61 [239,181
[240.151 [272,251 [280,11 [291,11
[291;121 [291;121 [321;251 ‘

CHANGING(lO) [51,18] [122,2] [148,
191 [222,241 [252,251 [258,81 [259
,101 [259,171 [291,181 [319,161
CHANNELS(1) [101,3I
:HARACTERISTICS(3) [1,81[29,131 [
293,31
EHARACTERIZE(2) [284,201 [295,141
CHARACTERIZED(5) [50,171 [97,51 [1
03,241 [105,131 C105,17I
CHARACTERIZES(1) [104,41
EHARACTERIZING(l )[296,221
:HARGE(2) [157,241 [320,171
EHARGES(l )[323,111
EHARTS(2) [130,241 [187.141
EHASE(l) [61,251 -
:HECK(2)[102,15I [153,101
:HEcKED(l)r36,111
:HEMICAL(2) [281,161 [288,21
:HEST(6) [15,131 [18,41[86,141 [86
,17] [105,181 [179,211
:HIcAGO(2) [20,111 [229,11
:HIEF(l) [142,111
:H1LD(21) [56,91 [56,111 [133,91 [1
39,151 [139,151 [148,61 [149,121 [
149,131 [151,181 [161,241 [161,25
[16Ji.131[16S.61 [170;201 [177;31

[177,61 [195.121 [200.231 [211.61
[259;181 [26~,221 “ “

CHILD’S(2) [133,91 [140,151
CHILDREN [124,41 [125,131 [13
,73 [133,121 [142,171 [142,19] [l{
3,17’2[143,18] [143,211 [144,31 [’
51,21] [152,191 [170,21] [197,21:
[214,231 [216,81 [216,91 [223,17
[223,191 [226,51 [236,51 [236,61
239, 22I [240,21 [253,221 [254,61
254,8] [255,4] [255,6] [264,19][:
67,7I [267,15] [267,17’2[271,8][i
72,13] [272,171 [317,141 [323,141
CHILDREN’S(9) [95,21[142,12] [17/
,211 [207,17] [208,71 [215,13] [2’
5,151 [267,201 [268,1]

CHOICE(2) [86,161 [156.151
CHOLLET-(1 )[25,21 -
CHOOSE(3) [64,131 [64,141 [236,191
CHOOSING(2) [42,41[65.151
CHOR1OAMNIONITi S(l) [i04,71
CHOSE(3) [236,20] [240,10J [241,15
CHROMOSOMAL( 1)[229,161
CHRONIC(9) [88.24] [122.8] [127.11
[163,231 [164;31 [164,7] [204,i81
[229.221 [235.111

ChrOnOlOgiCal it194,81
CHRONOLOGICAL(1) [193,41
CHUCKLE(2) [71,77 [71,101
CIGAR(I) [326,171
CIGARETTE(l )[13,131
CIGARETTES(l )[13,61
CINDY(2) [92,101 [286,151
CIRCUIT(3) [125,221 [154,15] [176,
241

CIRCULATE (1)[1O,19I
CIRCULATION( ll)[10,71 [11,20] [11
,241 [12,11 [12,41 [12,72[i2,201 [
17,6] [1OO,7I [227,21 [227,251

CIRCULATORY(1) [34;!0]
CIRCUMSTANCE(1) [201,231
CIRCUMSTANCES(I) [326,161
CLARIF1CATION(2 )[34,17I[35,13I
CLARIFIED [?57,131 [328,11
CLARIFY(8) [85,181 [145,21 [147,31
[147,11] [157,221 [159,13] [168,2
41 [242,241

CLARITY(I) [297,51
CLARK(21) [96,111 [115,81 [115,81 [
133,171 [134,24] [136,16] [138,17
[139,12] [140,41 [140,211 [145,61
[146,8] [147,161 [149,91 [154,21[
163,12) [170,24] [213,18] [254,12
[260,231 [294,81

CLARK’ S(1)[133,211
CLASSES(2) [2,51[166,201
CLASSIC(2) [163,31 [251,121
CLASSIFICATION( 1)[311,71
CLEAN(2) [288,121 [328,101
CLEANER(1) [288,72
CLEANSE(I) [273.231
CLEAR(23) [22,3i [23,101 [24,31148
,41 [87,171 [89,4] [104,22] [105,1
73 [125,91 [145,21 [156,201 [157,1
1] [255,20] [275,12] [282,20] [282
,241 [284,14] [287,3] [287,5] [287
,81 [288,141 [293,41 [319.51

CiEAR-CUT(l )[265;191 -
CLEARER(2) [63,101[71.121
CLEARLY(25)[5; 131 [15;211 [24,21[
46,8] [46,251 [57,21] [61,10] [64,
21 [85,12] [97,2][117,25] [132,13
[134,251 [135,21 [141,91 [157,31 [
158,16] [159,6] [174,251 [200,141
[251,221 [264,231 [301,3I [304,21
[308.111

CASET Associates, Ltd.’t CAME to CLEARLY
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:LIH1C(2) [5,81 [268,81
:LIN-~=WL(120)[5,241 [20,131 [2.2,1

,141 [28,91 [28,141 [28,201 I
[29,51 [33,151 [37,231 [38,;

(.181[42,31 [44,131 [46,31 [~
6,141 k47,151 [49,111 [54,91 [54,”
01 [54,231 [54,251 [55,191 [55,221
[56,31 [57,10I [58,51 [60,181 [60,
231 [61,41 [61,191 [61,221 [63,61I
65.91 [66.241 [70.21 [70,31 [70,11
[76,211 [;6,191 [ti,171 [88,131 [!
0,111 [90,141 [91,51 [92,41 [96,1i
[96,221 [97,21 [100,161 [102,6I [:
32,101 [136,21 [139,141 [147,61 [1
47,111 [149,71 [160,11 [160,71 [1{
0,81 c161,171 [162,91 [162,231 [1{
6,10] [167,241 [17S,1) [175,71 [li
5,91 [178,172 [178,181 [178,201 [1
79,2I [183,111 [197,141 [198,141 I
201,231 [203,121 [203,141 [207,1~
[208,8] [211,41 [213,121 [215,71 I
215,151 [226,111 [230,231 [241,2?
[242,251 [243,171 [249,241 [250,~
[253,91 [253,201 [254,21 [263,131
[272,251 [273,25I [283,221 [286,Z
31 [288,181 [289,9] [289,231 [290,
11 [290.91 [291,14] [296,31 [296,1
1] [296;12] [306,191 [308,121 [3ii
.121 c312.151 [314.73 [314,151 [3;
8,61 c329;71 [339,3] [339,51 [339,
61
:LINIcALLY(18) [5,111 [22,251 [26,
23] C36,231 [40,81 [54,201 [56,201
[57.221 [62.73 [62.131 [65.11 [65,
31 [i06,21 [i60,11[160,21 [160,31
[177,191 [314,41
~NICIAN(3) [28,4] [165,51 [290,2

‘cIAN’s(l)[209,221
ACIANS(4) [150,151 [172,101 [2

96,31 t325,31

COLLECT IOM(l) [120,141
COLLECTIVELY(?) [258,201
COLLEGE (1) [28,161
COLOR(2) [139,91 [139,91
COLORADO(5) [42,151[44,221 [48,71
[53,91[95,11

COLUMN (1) [84,31
COLUMNS(1) [83,221
COMBINATION (2)[111,151 [113,161
COMBINE (8)[1O,16I [61,101 [68,81 I
214,231 [220,131 [220,16] [262,21
[299,171

C@4BINED(20) [77,81[82,141 [111,1
31 [129.211 [147.61 [158,73 [159,:

CLINICIANSi (l)[291,41
CLINICS(1) [311.241
CLONIDINE( 1)[86,181
CLOSE(10)[51,16I [82,21 [121,221 I
154,72 [155,151 [169,181 [217,51 I
311,10] [326,171 [341,121

CLOSEO(l )[240.161
CLOSELY(5) [48;61 [50,251 [150,231
[191,111 [306,201

CLOSERC3) [120,181 [167,14] [184,2

c&ING(l)[ 27,251
CLOSURE(1) [325,10]
CLOTS(2) [26,31 [125,221
CM(2) [31,161 [96,9]
CNS(2) [193,191 [204,81
CO(1) [116,231
co-(2) [199,191 [270,211
CO-ADMINISTEREO(l )[270,251
CO- INVEST lGATOR(l) [184,161
CO-VARIANTS(l )[199,231
C02(4) [18,20] [18,221 [222,121 [23
0,31

COAGULATION(l )[16,111
COOE(l) [198,8]
COD ING(l) [198,71
COLO(l) [19,5]
COLLABORATION(1) [178,241
COLLABORATEIVE(1)[43,31
COLLEAGUE(1) [23,171
‘-’ EAGUES(5) [23,14] [25,24] [26,

[55,?1 [215,71
.ECT(2)[171;171 [239,31

Icollected [246.41 [298.91

CASET Associates,

31 [160;111 [166;171 [167,171 [16f
,61[217,15) [217,171 [217,231 [27
1,181 [231,191 [243,11 [261,81 [2t
1,151 [313,151

COHBINI)JG(Z)[113,221 [144,221
COME(26) [5,41 [7,141[15,61 [61,12
[71,181 [71,191 [74,161[76,51 [7i
,111[78,241 [81,251[92,91 [122,1
51 [163,171 [173,31[178,151 [258,
231 [267,11 [269,211[278,31 [291,
31 [309,i41 [312;161 [312;181 [32~
.231[333.31

C&iES(13)i14,171 [44,211 [74,81H
2,21 [86,221 [120,181 [147,71 [17C
,211[171,101 [171,221 [223,101 [2
67,61 [270,101

COMFORTABLE(10) [64,73[65,171 [7’3
,111[75,21 [78,41[78,161 [79,141
[83,31[85,241 [165,241

COMFORT ING(l) [314,73
cOU1NG(15) [13,141[18,51 [81,111 I
B3,71 [155,73 [162,1][165,171 [2C
4,171 [224,121 [284,251 [285,21 [2
99,151 [301,51[307,61 [333,231
COMMENT [2,191[2,221[2,231 [2
,241 [4,18] [64,151[67,131 [71,2C
[93,15] [93,191 [142,13) [145,11 [
164,8) [174,91 [197,20] [199,41 [1
99,51 [200,161 [204,3Y [206,161 [2
51;91[252;31 [267,i81 [275;211 [2
86,141 [287.171 [287.181 [295.201
t3i4,22] c3i6,20] [324,11] -

COMMENTED(2) [203,211 [237,5)
c@u4ENTs(17) [49,201[72,241 [94,9
[94,1OI [134,21 [159,151 [249,61 [
256,61 [257,11 [261,11] [272,91 [2
75,201 [275,241 [282,111 [284,151
[297,71 [335,11

CCM4MERCIALLY(1)[14,1LI
COMM1TTEE(84) [1,41[1,101 [1,141 [
1,151 [2,21 [2,71[4,231 [5,201[6,
14] [6,21] [7,21[20,9] [59,7] [59,
91 [59,91 [61,171 [63,161 [64,171 [
77,121 [80,181 [83,201 [85,221 [90
,81[94,8] [123,151 [123,16] [133,
161 [133,181 [133,201 [133,221 [14
5,111 [145,161 [147,4] [149,201 [1
50,241 [157,251 [158,4] [158,5] [1
58,61 [161,181 [172,81 [174,31 [17
4,1~ [185,6] [200,18] [201,81 [20
1,91 [201,19] [204,21] [215,14] [2
15,151 [218,81 [220,3] [224,131 [2
25,31 [231,1] [243,61[261,101 [26
3,171 [264,61 [265,9][282,71 [282
,81[282,11] [290,5][292,1] [298,
17][300,4] [302,51[302,9] [302,1
1][302,22I [303,9] [303,20] [306,
91 [307,20] [311,171 [313,25] [314
,15][315,17] [316,13] [324,11] [3
38,21 [341,131
COMMITTEE IS(2) [201,151 [324.131

Ltd.: CLINIC to CONGENITAL

21,61 [35,24] [44,101 [80,71 [96,1
1][102,18] [105,2] [117,23] [125,
181 [137,7J [187,91 [193,191

COMMONALITY(l )[78,211
COMMONEST(1) [72,61
COMMONLY(7) [8,20] [104,7I [106,91
[116,21 [119,19] [212,173 [300,15

COMMUNICATIONS(3) [34,181 [98,151
[98,181

COMMUNITIES(l )[171 ,161
COMMUNITY(16)[5,41 [141,91 [219,2
21 [252,10] [268,11 [334,141 [334,
221 [335,191 [339,141 [339,173 [33
9,181 [339,221 [340,51 [340,161 [3
40,211 [341,73
COMORBID(2) [29,181 [93,61
COMPANIES( 1)[143,161
COMPANY(9) [7,61 [14,151 [18,251 [3
4,181 [243,191 [282,191 [328,81 [3
29,11 [329,61

COMPARABLE(3) [39,41 [262,141 [271
,141

COMPARE(3) [234,201 [277,1) [277,1

c;PARED(25) [50,41 [59,181 [86,71
[112.101 [123,181 [124,81 [127,10
1129;211 i135;lol [140; 111[170,9
[190,201 [211,19] [211,20] [211,2
31 [211,241 [212,91 [212,231 [212,
241 [213,4] [214;31 [231;91 [245,6
[255,231 [281,11

COMPARES(1) [288,11
COMPARING(2) [309.173 [318.201
CC+4PARISON(2)[74;91 [269,i51
COMPASSIONATE(1) [334,61
COMPATIBLE(l )[251,161
CC+IPELLING(2)[89,191 [89,241
COMPETE(1) [132,81
COMPET1NG(2) [315,61 [315,73
COMPLETE(5) [127,31 [188,41 [247,1
61 [327,31 [327,151

COMPLETED(2) [124,181 [184,151
COMPLETELY(1) [335,91
CDMPLEX(10) [24,21 [49,251 [78,201
[89.141 [92.121 [92.171 [93.81 [28
3,181 [309,i31 [316;101 -
COMPLEXITIES(I) [61,251
CCHPLEXITY(l) [296,151
COMPLIANCE(2) [1OI,7I [299,31
COMPLICATE (1)[114,91
COMPLICATED [16,61[62,161 [63
,161 [71,8] [98,141 [106,161 [106,
211 [114,191 [115,21 [148,23] [174
,231 [175,1] [205,201 [290,141 [32
1,161

COMPLICATES(3) [43,131 [99,231 [10
6,101

COMPLICATING(2) [95,181 [104,241
COMPLICATION(3) [44,161 [127,91 [1
54,21

COMPLICATIONS(7 )[43,161 [62,101 [
62,111 [117,221 [125,191 [132,221
[172,231

COMPONENT( 11)[13,191 [62,171 [80,
71 [84,191 [87,41 [97,161 [101,51 [
106,161 [106,191 [110,51 [167,101

COMPONENTS(2) [77,201 [249,231
COF4POSITE(13)[68,31 [74,61 [74,13
[78,25] [146,11] [159,17’I[166,11
[167,241 [238,121 [245,181 [249,1
61 [249,171 [249,181
COMPOUND [251;111 [266,131 [270
,191

COMPREHENSIVE [63,2] [68,121 [
68,151 [69,21] [70,111 [77,231 [85
,161 [249,161 [249,201 [249,221 [3

14,2] [314,11] [321,14]
CC+!PRESSING(I)[105;111
COMPRESSION(3) [97,91[104,181 [1(
5,51

CO+4PRISING(1)[1O1,9I
COMPRC+!ISEO(2)[106,241 [114,251
COMPROMISING(l )[1O5,12I
CONCEIVEO(l )[7,181
CONCENTRATION(4) [21,231 [183,131
[188,201 [271,51

CONCENTRATIONS(3) [20,221 [24,51I
286,131

CONCEPT(7) [91,61 [91,7’3[119,131 I
276,141 [326,161 [329,11] c341,14

CONCERN [34,21 [34,141 [40,251
[51,151 [66,251 [80,211 [83,211[1
87,131 [195,9] [196,111 [196,121 I
196,131 [196,173 [199,61 [201,161
[261,91 [262,151 [275,31 [280,101

CONCERNED c3,61[5,91[40,191 [
45,241 [57,10] [60,24] [66,11] [83
,231 [84,1][93,18] [176,18] [197,
6] [254,61 [255,161 [270,8] [274,2
41 [297,181
CONCERNS( 12) [42,20] [45,20] [46,1
73 [48,231 [50,61 [58,211[79,251[
160,221 [172,71 [190,101 [195,172
[331,11

CONCLUOE(3) [129,16] [133,5] [216,
191

CONCLUDED(2) [307,181[316.141
CONCLUDING(I )[41;151 -
CONCLUSION [57,111 [58,18] [60
,12] [61,12][166,21] [190,5] [194
,21 [264,181 [285,8][304,13] [312
,16] [312,18] [332,141

CONCLUSIONS(5) [35,8][37,21] [58,
13] [243,151 [261.72

CONCOMBINANT(3) [204,11 [213,221 [
310,211
CONCRETE(l )[164,131
CONCURRENT(1) [209,191
CONDITION( 10)[29,21I [63.171 [78.
221 [79,41 [103,201 [248,iO] [310;
173 [310,191 [316.101 [331.181

CONDITIONS [29;18] [68,i8] [68,
221 [93,71 [97,31 [102,81 [273,161

CONDUCT(4) [58,221 [244.201 [316.7
[333,241 . “ -- -

CONDUCTED [59,11 [203,13] [207,
181 [265,251 [316,111 [336.41

CONOUCT1NG(2) [29;31 [203,i21
CONFERENCE( 1)[319,221
CONFERRED [228,171
CONFESS(2) [273,211 [273,231
CONFIDENCE [81,191 [83,12] [225
,23I [239,23] [264,31 [264,131 [26
4,151
CONFIDENT(1) [83,11
EONFIGURATION( 1)[14,51
CONFIRMATION( 1)[152,61
CONFIRMEO(2) [208,91 [231,51
CONFLICT(3) [1,241[286,71 [327,17
CONFLICTING(2) [3D,231 [305,31
CONFOUNDED(1) [132,101
CONFOUNDING(1) [30,11
CONFUCIUS(l )[41,231
CONFUSE(1) [150,181
CONFUSED(4) [194,173 [237,2] [2B7,
61 [293,151
CONFUSION(1) [294,81
CONGENITAL(18) [97,101 [102,101 [1
20,201 [121,121 [121,241 [130,251
[131,11 [136,91 [180,61 [180,171 [
208,191 [208;201 [208,211 [229,12
[229,131 [241,111 [25B,71 [259,21
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CONGRESS(1) [335.101
r‘--~.ALLY(l)[lO;z]

TT1cuT(l) [229,11
JTION(3) [86,41 [91,91 [291,’

c;i’JRAD(2)[17,251[131,91
CONSENSUS(2) [38,73 [275,51
CONSENT(2) [180,131 [209,31
CONSEQUENCE(3) [125,61 [137,171 [’
38,91
CONSEQUENCES(4) [101,211 [116,24:
[133.81 [254.51

CONSE&JENTLY(2) [161,61 [323,111
CONSIDER [4,141[6,21 [6,221 [’
1,141 [34,251 [84,181 [96,251 [97,
151 [99,!51[100,11 [106,151 [118,
111 [142,21] [160,111 [267,14] [2(
7,151 [303,151 [320,21
CONSIDERABLY(2) [32,141 [177,91
CONS IOERATION(3) [36,251 [296,181
[300,201

CONSIDERATIONS(1) [275,191
CONSIDERED(7) [1,61[124,191 [180,
211 [186,71 [190,251 [230,101 C32$
,101

CONSIDERING(2) [85,151 [85,231
CONSISTEO(3) [184,41 [230,61 [231,

C%ISTENCY(1)[166,201
CONSISTENT(6) c33,111 [.42,81[107,
161 [166,141 [191,71 [229,151

CONSISTENTLY(3) [23,121 [293,91 [?
01,241

CONSTANT(2) [35,211[39,181
CONSTANTLY- (1)[148,181
CONSTRICTION(2) [135,41 [227,141
“’”’’$TRIcToRs(1)[12,23I

TRUCT(l) [320,111
rRUCTED(l )[302,111

WNSTRUCT ION(1)[227,161
CONSTRUCT IVE(1)[328,241
CONSTRUCTS(1) [164,101
CONSULTANT(2) [2,61 [24,11
CONSULTANTS(5) [6,221 [61,171 [90,
9] [290,121 [306,91
CONTEMPLATED(1) [329,101
CONTENT (1) C309,231
CONTENT ION(1) [253,181
CONTENTS(1) [105,31
CONTEST ING(l) [170,51
cONTEXT(5) [141,21] [328,241 [334,
211 C335,31 [335,51
CONTINUATION(2) [31,191 [39,161
CONTINUE [30,141 [40,21 [58,31
[94,151 [146,91[182,101 [215,191
[215,201 [218,241 [269,181 [281,1
3] C304,181 [311,111 [341,151
CONTINUED (10) [31,8] [42,8] [42.1C
[110,141 [163,191 [208,41 [209;91
[213.251 [227.81[230.171

:ONTINUES(2) [27;21 [i22;111
;ONTINUING(2) [212,31 [254,71
20NTINUWS(2) [34,241 [210,41
:ONTINUUM( 1)[172,141
:ONTRACT(l )[327,141
:ONTRAINDICATIONS(1) [191,16]
:ONTRALATERAL(l )[105,71
:oNTRAsT(2) [54,171 [103,111
:ONTRIEUTE (7)[99,22] [99,24] [109
,41 [114,71 [114,20] [274,15] [274
–161

TRIBuTED(2) [5,1][1OO,11I
iRIBUTES(2) [97,171 [101,8]

-ATRIEuTING(4) [17,71 [50,6] [98,
161 [102,131

CONTRIBUTION (1)[109, I1I

[60,61 [84,41 [115,241 [123,121 [’
26,231 [127,101 [129,21 [129,211 I
132,31 [171,61 [179,31 [179,71 [11
2,31 [182,121 [185,121 [186,191 [1
87,61 [188,11 [188,161 [188,171 [1
88,221 [189,61 [189,81 [189,151 [1
89,171 [189,221 [190,161 [190,211
[191,121 [191,131 [191,181 [192.:
31 [192,251 [193,31 [193,221 [193,
251 [194,201 [195,51 [195,71 [195,
111 [197,101 [197,111 [197,211 [15
8.101 [198,171 [209.91 [210,141 [2
li,18] t21i,21]t21i,24] c2i2,11]
[212,131 [212,241 [213,11 [214,11
[214,131 1216,23] [222,201 [227,1
11 [230,11 [231,101 [231,211 [232,
4] [232,101 [232,151 [233,31 [234,
211 [236,131 [236,251 [248,221 [24
8,241 [249,141 [268,81 [268,111 [2
69,141 [292,231 [318,171 [323,171
[323,231 [332,171 [333,41

CONTROLLED (41)[5,241[38,51 [110,
201 [115,151 [117,71 [118,251 [122
,211 [127,21 [128,11 [128,191 [12.!
,221 [131,61 [179,11 [188,111 [228
,231 [250,41 [271,241 [271,251 [27
3,131 [275.91 [278,71 [278,251 [3C
7;121 [307;151 [307,181 [307,191 [
308,41 [308,121[312,151 [320,2] I
323,141 [323,251 [326,131 [327,15
[333,10] [334,201 [336,3] [339,31
[339,51 [339,61 [341,21

CONTROLLING(1) [309,231
CONTROLS(9) [50,41[60,51 [94,121 [
182,71 [188,191 [191,201 [212,41 [
212,201 [213,51
CONTROVERSIAL(2) [23,231 [55,161
CONTROVERSY(1) [53,241
CONTUSION(1) [21,61
CONVENED (1)[215,111
CONVENT 10NAL(36) [32,81 [32,181 [3
3,131 [33,191 [33,231 [34,161 [42,
2~1 [48,7j [107,131 [108,51 [108,i
51 [109,201 [111,41 [111,91 [112,2
51 [114,21 [123,31 [123,19] [124,8
[170.91 [171,251 [180,221 [181.41
[181;201 [18i,241 [186,81 [209;91
[223,71 1223,81 [228,171 [240,241
[241,41 [241,191 [262,141 [293,11
[298,161

:ONVENTIONALLY(l )[33,241
:ONVERGE(l )[314,151
:ONVERSATION(3) [335,71 [335,91 [3
35,201
:ONVERSATIONS(l )[249,19]
:ONVERT(2) [11,131 [209,211
:ONVERTING(l )[26,131
:ONVERTS(2) [9,21[10,21
:ONVINCE(4) [165,71 [165,231 [205,
51 [339,71
:ONVINCED(lO) [12,14I [14,20] [li7
,131 [222,24] [254,21 [255,231 [25
6,131 [289,41 [312,171 [325,51
:ONVINCING(8) [144,131 [165,21 [17
6,101 [176,151 [202,21 [253,241 [2
89,31 [320,231
:oNvINcINGLY(3) [12,31 [257,71 [30
2,4I
:OOKIES(l) [315,111
:ooL(2) [314,251 [336,241
:OORDINATION(l )[268,141
:OORDINATOR(2) [184,51 [198,10]
:OOROINATORS( 1)[201,61
:OOXIMETER(I) [246,111
:OPD(l)[29,171 -

CORE(3) [7,191 [16,231 [195,21
CORONARY(7) [157,71 [157,181 [157,
191 [162,201 [165,20] [168,151 [3:
3,121
CORRECTION(2) [63,9] [208,14]
CORRECTLY(2) [89,171 [307,151
CORRELATE(2) [1O3,18I[155,1OI
CORRELATED(3) [3,173 [93,211 [93,2
41

CORRELATES(1) [278,151
CORRELATION(3) [136,151 [155,11[1
55,23I

CORRELATIVE (2) [289,171 [290,61
CORRESPONDED (2) [232,91 [232,221
CORTEX(1) [267,251
COST(10) [69,151 [126,61 [126,81[1
26,11] [126,131 [126,191 [140,221
[140,241 [160,131 [329,81

COSTLY(2) [43,41 [172,161
COULDN’T(l) [273,21
COUNT(4) [141,16] [149,251 [168,11
[251,31

COUNTERACT(1) [280,11
CWNTING(l) [216,6]
cWNTRY(13) [5,91 [36,171 [120,121
[122,121 [128;151 [1~2,21 [151,61
[175.231 [252.51 [252.121 [254,17
[265;171 [265;211 - -

CWNTY(I )[28,181
cWPLE(13) [13,181 [69,91 [71,21[7
2,241 [107,17I [122,11 [134,11[17
6,17] [195,171 [225,6] [272,91[27
5,241 [329,211
CWPLEO(3) [89,61 [89,111 [90,161
COURSE(29) [20,191 [29,71 [45,21[5
1,!5] [55,25] [71,19] [72,221[85,
201 [95,181 [97,201 [99,61 [100,11
[104,251 [106,111 [106,211 [139,1
4] [154,111 [201,121 [233,121 [233
,13][246,25] [274,23] [282,141[2
82,21] [282,221 [284,91 [307,111[
335, 16] [339.201
COVARIANTS(2) [200,21 [310,111
COVERED(2) [1,211 [299,251
COVERS(1) [147,241
CRAIC(l) [116,251
CRANIUM(1) [103,2I
CRAZY(2) [64,231 [323,11
CREATE(1) [10,231
CREATEO(l )[251,131
CREATES(1) [26,251
CREATING(1) [334,161
CREATININE(2) [37,171 [41,131
CREATIVITY( 1)[321 ,121
CREDIT(4) [16,16] [35,18] [162,13]
[163,111

cRIME(l)[177, f31
CRITERIA [27,171 [30,131 [30,1
4] [30,191 [31,8j t32,201 [33,201[
36,13] [36,24] [38,11] [39,121 [39
,15] [39,231 [39,231 [39,241 c39,2
51 [41,161 [45,11 [61,221 [75,101[
93,201 [94,21 [94,41 [96,171 [96,1
91 [127,61 [132,141 [147,20] [148,
161 [149,21 [149,41 [149,51 [149,2
21 [149,241 [150;20] [150,20] [150
,251[151,171 [152,251 [153,101[1
53,1i] [153,i21 [153,161 [153,201
[154,41 [154,10) [160,71 [163,221
[16L,171 [164,241 [166,7] [173,10
[175,131 [177,71 [179,241 [180,14
[182,11 [183,111 [187,101 [187,12
[187,171 [191,191 [206,211 [206,2
31 C206.241 [207.51 [207.71 1209.1
61 [221;161 [222;21 [222;151[223,

19] [223,20] [224,6] [230,25] [236
,21 [236,5] [236,71 [236,8] [236,5
[236.171 [241,211 [250.181 [259.2
11 [259,251 [260,11 [293,161 [29i
11 [294,31 [294,14] [294,15] [294
181 [294,201 [294,231 [294,241

CRITERION(2) [31,191 [150,91
CR ITICAL(25) [20,121 [28,181 [38,:
[42,171 [68,173 [73,251 [81,241 [1
7,101 [88,211 [92,251 [97,141 [99,
9] [99,11] [100,251 [150,21 [206,’
[207,161 [215,111 [272,101 [304,’
21 [305,61 [309,141 [337,11 [337,:
[337,221

CR IT1CALLY(14) [106,I9I [115,201 1
116,15] [117,191 [118,11 [119,161
[120,91 [127,73 [150,151 [164,151
[194,31 [296,41 [296,41 [296,173

CRITICISMS(l )[234,131
CRITICIZE( 1)C166,761
cROSS(38) [32,19] [36,8] [44,6I[6f
,171 [98,22] [98,23] [114,14] [114
,151 [183,3] [203,11 [225,16] [22:
,241 [226,3] [230,161 [264,4] [28:
,91 [283,23] [287,211 [291,22I [25
2,71 [292,101 [310,22] [311,3] [31
2,91 [312,221 C314,171 [319,111 [2
20,61 [320,25] [322.25] [327.221 I
328,181 [329,11 [329,lii [33i,91I
331,121 [331,171 [331,211

CROSS-SECTIONAL(1) [108,7I
CROSSBONES(1) [9,121 “
CROSSED(8) [37,81 [112,61 [113,41I
185,73 [201,111 [240,141 [240,201
[240,211

CROSSES(1) [8,41
CROSSOVER(3) [36,71[36,251 [37,61
CRUCIAL(2) [167,31 [266,111
CRUSHED(1) [18,41
CRYSTAL(1) [319,51
CUMULAT[VE(3) [103,11] [183,8] [18
3,91
CURATIVE(1) [69,11
CURIWS(2) [91,221 [314,231
CURRENT(7) [2,171 [171.20] [301.10
[323,131 [32~,141 [326,1] [334;11

CURRENTLY(5) [27,31 [28,51 [42,211
[44,101 [81,191

CURRY(1) [222,91
CURTAIL(1) [330,9]
CURVE(5) [144,161 [223,51 [227,151
[251,141 [286,21

CURVES(1) [271,211
CUT(3) [14,241 [192,16] [288,14]
cUTTING(l) [61,251
CVH(2) [198.61 [198.71
CYANOSIS(l) [96,181
CYAUOT1C(2) [258.71 [259.21
CYCHRONE( 1)[9,2j -
CYCLASE(5) [8,51[9,11[10,31 [10,3
[15,151

CYCLED(1) [8,51
CYCLIC(2) [8,91[45,51
CYLINOER(l) [9,111
CYSTIC(4) [179;181[328,61 [328,71
[328,141

CYTOKiNE(3) [52,61 [54,111 [288,31
CYTOPROTECTION(6) [21,151 [23,251
[24,9] [25,81 [57,241 [58,61

CYTOPROTECTIVE(4) [24,131 [46,51[
46,81 [49,71
CYTOPROTEiTIVENESS (2) [46,24] [55
,101

CYTOTOXIC(l )[49,71
CYTOTOXICITIES( 1)[46.181
CYTOTOXIC1TY(6j [2~,8; [46,61 [46,

CASET Associates, Ltdt’ CONGRESS to CYTOTOXICITY
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241 [48,11[48,241 [57,231
‘==== ========== ===== ”-------==--..----

D D
===.==============s======
,1)[230,191

IALLAS(l)[229,11
IAMAGE(4) [4,71 [67,191 [62,191 [24
4,81
IbWAGED(1)[74,161
IAN(2)[263,31 [326,61
IANCING(l) [266,201
IANGEROUS(1)[337,141
IARE(1)[298,231
IATA(196) [6,15] [22,101 [22,221 [2
4,10] [24,121 [28,201 [30,231 [32,
15] [33,141 [37,11 [44,111 [48,171
[58,171 [60,13] [61,61 [73,111 [74
,24] [76,101 [79,181 [81,191 [83,2
01 [84,121 [84,141 [88,51 [89,31 [9
0,1] [90,31 [90,51 [91,81 [120,131
[120.141 [121.171 [122,131 [122,1
41 [123,151 [123,201 [123,22] [125
.101 [126,101 C128,171 [128,211 [1
29,11 [130,161 [131,41 [131;171 [1
32,41 [133,3] [134,81 [138,191 [14
0,91 [141,241 [170,31 [170,71 [171
,171 [178,12] [185,51 [185,71 [186
,221 [187,11 [187,24) [188,211 [18
8,231 [188,241 [189,21 [189,31 [18
9,24] [191,21 [192,221 [193,151 [1
94,241 [194,251 [195,11 [198,241 [
200,101 [200,171 [205,131 [205,16
[208.31 [213,151 [215,73 [215,81 [
215,171 [215;211 [217;101 [218,91
[219,51 [220,191 [220,251 [221,71
C224,51 [224,151 [225,11 [229,191
q;,7[~95:;::;3;i:; 7;i;;

;:31 [247:21 [247:151 [24& 131
,9.211[250.31 [251,191 [251,22

[253;141 [256;121 [258,201 [26i,3
[261,41 [261,151 [263,201 [264,61
[265,221 [267,41 [267,51 [268,161
[269,41 [269,61 [269,111 [269,121
[270,121 [270,161 [273,131 [277,2
51 [278,51 [278,181 [281,221 [282,
201 [282,231 [283,31 [285,11 [285,
21 [285,71 [285,12] [286,19] [287,
21 [287,71 [288,21 [288,111 [288,2
41 [289,31 [292,121 [292,141 [292,
16] [295,161 [295,171 [297,71 [297
,231 [298,91 [299,221 [300,251 [30
1,101 [302,141 [303,21) [304,171 [
304,171 [304,241 [305,11 [306,171
C306,181 [306,181 [307,51 [308,16
C311,201 [311,201 [312,121 [312,1
51 [316,21 [316,41 [316,221 [317,7
t317,111 [318,81 [320,181 [321,41
C324;231 [325;11 [326;241 [327;91
C330.731 [330.231 [332.111 [332.1
21 [332,15] [333,11 [333,16] [333,
251 C334,191 [334,20] [335,171 [33
6,81
IATE(2)[131,41 [179,231
IAIJGHTER(l)[9,141
AUNTING(l)[20,141
,AVE(1)[226,12]
AVID(3) [87,13] [207,151 [215,231
AVIDSON(I)[ 154,241
AY(17)[9,211 [9,22] [19,11] [20,1
81 [32,31 [40,8] [56,17] [56,18] [9
- 131 L141,161[165,21 [183,81 [23

~][261,22] [266,19] [313,2] [32

1] [27,141 [27,171[32,31[38,51 [3
8.101 [39,241 [51,61[62,81[63,23
[69,1OI [?4,25]1?6,111[81,121 [8
4,8I [122,91 [128,12][129,221 [13
6,61 [162,121 [179,211[180,171 [1
87,31 [191,231 [191,231[211,131 [
211,131 [214,191 [214,201[233,91
[233,131 [233,201 [233,221 [234,3
[234,41 [234,251[235.51[263,41 [
282,31 [317,231 [318,151[318;181
[318,191 [318,21][319,25] [320,2
21 [322,41 [322,111[322,22) [322,---
Zz]

DEAD(9) [60,21[85,241[85,241[117
.3I [158,221 [159,211[167,251 [17
0,21] [322,211

DEAL(12)[1O,25I [61,171[81,41[14
9,19] [172,181 [261,91[272,121 [2
87,91 [310,131 [314,211[321,191 [
325.121
DEALi NG(5) 16,101[30,61[92,161 [2
04,51 [281,72

DEALS(1) [31O,2I
DEATH(50) [26,201[29,121[46,191 [
50,131 [52,24][63,231[68,231 [71
,31 [71,51[74,141[85,251[86,11 [
97.221 [123,171 [129,211[130,231
[130,241 1131,101f156,151 [158,7
[158,181 [159,191[160,21[165,14
[167,81 [178,91[179,61[189,131 [
189,191 [190,61[194,11[203,181 [
214,241 [216,171[217,181[217,25
[218,61 [218,111[218,201[220,71
[220.201 [225.241[235.171 [244.7
[245;221 [264;10I [299;31[301,21
[313,141 [313,151

DEATHS(10) [27,101[28,31[68,201 [
86,21 [130,111 [191,121[191,151 [
193,251 [247,171[247,191

DEBATABLE(2) [168,1611275,41
DEBATE (1)[91,71
DECAOE(l) [68,251
DECAY(1) [26,61
DECIDE(8) [28,1OI[80,61[137,101 [
139,131 [139,131 [236,181[304,18
[321,71

DECIDEO(4) [158,221[231,151[241,
16] [254,171

DEC101NG(4) [136,191[137,41[301.
131 [312,71 - - -

DEcIsIoN(23) [73,171[139,51 [139,
10] [139,191 [153,25][154,1] [157
,131 [158,241 [164,241[166,21 [16
6,131 [175,51 [175,71[180,181 [19
0,241 [218,221 [219,181[230,23) [
263,211 [298,121[305,211[321,20
[339.141

DECISiON-MAKING( 2)[159,91 [159,1
2]
DECISIONS(13) [76,231[150,31 [150
,71 [150,111 [150,141[150,161 [15
6,13] [157,73[165,25][183,10] [1
97,151 (296,111[339,181
DECLINES(1) [196,21
DECREASE [21,21[21,21[26,73 [
26,81 [26,91[49,51[50,31[52,11]
[52,121 [52,161[52,181[53,151 [5
4,161 [54,201 [56,25][57,9)[88,3
[90,171 [168,91[179,151[179,171
[189,91 [230,31[232,221[233,11]
[234,21 [235,91[235,121[238,151
[238,171 [238,181 [238,191 [240,1
8] [240,19] [255,11[255,3][282,1
3] [283,1] [283,201[292,31[296,2
41 [311,11

[24,211 [25,41 [35,101 [51,141 [5:
,101 [55,51 [55,17] [71,16)[71,1;
[101,61 [1O1,7I[116,21I [121,81 I
121,18] [220,151 [230,121 [230,1!
[233,161 [234,81 [234;91 [245,191
[247,61

DECREASES(9) [24,14] [24,191 [62,5
[62,111 [63,131 [76,161 [120,41 [1
37,161 [200,141

0ECREASING(17) [17,211 [21,161 [2:
,81 [23,91 [26,5)[46,91 [46,101 [~
6,111 [46,121 [64,71 [142,131 [22t
,71 [229,241 [230,21 [231,141 [23:
,231 [268,131

DEEMEO(1)[329,111
DEEP(1) [19,20]
DEFECT(1) [105,4I
DEFER(2) [41,231 [200,211
0EFICIENCY(5) [13,11 [95,221 [103,
211 [103,241 [106,221

DEFICIT(l )186,231
0EFINE(17) [61,181 [62,251 [63,221
[68,71 [89,141 [100,161 [130,41 [1
48,181 [148,23] [150,121 [153,201
[153,211 [166,81 [175,121 [175,13
[293,171 [305,161

DEFINED (16) [78,21[101, 171 [111.1
[121,31 [122,81 [122,241 [148,41 1
149.231 [179,201 [188,31 [193,61 I
229;71 [230,i4] [238,91 [244,61 [2
44,8]

DEFINING(3) [63,51[124,201 [235,1
n

DEFINITELY(5) [41,191 [88,31 [141,
14] [338,101 [338,111

DEFINITIoN( 12)[29,41 [38,71 [68,1
4] [95,6] [95,21) [96,171 [96,211 I
188,6] [238,12] [309,111 [319,21 I
324 ,5]

DEFINITIoNS(2) [219,1OI [236,221
DEFINIT1vE(7) [118,81 [118,91 [295
,231 [303,161 [304,241 [337,151 [3
37, 16)
DEFIN1T1vELY(3) [299,71 [303,51 [3
29,19]

DEGRADATION(3) [55,181 [55.221 [15.–.
2,141

DEGREE(13) [73,61[84,201 [168,77 I
203,221 [205.41 [205.71 [205.1011
205 ;101 [225;22I [260,101 [287,22
[288,41 [338,41

OELAY(ll) [118,81 [118,91 [131,181
[163,241 [163,251 [177,141 [177,2
0] [193,5] [295,71 [299,91 [299,14

OELAYING(l) [126,11
DELAYS(2) [131,151 [248,161
DELIBERATE(1) [303,201
OELIBERATIONS( 1)[2,141
DELIvER(5) [16,13] [115,25] [117,5
[151.61 [313,11

DELIVERED(3) C30,91 [116,31 [117,3
DEL IvERY(8) [30,73[45,31 [47,141 [
114,241 [117,131 [117,141 [126,14
[244,181

DELLINGER(5) [20,61 [20,73 [20,101
[33,101 [54,91

OEMANDED( 1)[270,161
DEMocRAT1c(l )[312,11
0EMOGRAPHICS(6) [151,31 [151,211 [
214,31 [252,51 [253,31 [279,71

DEMONSTRATE(8) [86,101 [89,101 [IL
8.241 [179,111 [189.31 [208.11 [22
5;41 [325,251 - “

DEMONSTRATEO(9) [52,211 [53,21 [85
,121 [85,131 [90,61 [144,121 [168,
21] [254,1] [302,41

DEMONSTRATIN&l )[86,5j - “ ‘-
OEMONSTRATION(l )[253,19]
DEN IED(l) [294,4]
DENOMINATOR(1) [80,8]
DENVER(1) [95,21
DENY(5) [139,71 [140,181 [141,141 I
170,191 [334,131

DENYING(1) [168,201
DEPENo(2) [38,161[137,19]
DEPENDENcE(3) [179,21] [210,1] [21
4,201

DEPENDENT [53,25] [246,14]
DEPENDING(8) [33,71 [66,14] [73,25
[112,15] [147,251 [184,14] [203,5
[282,81

DEPENDS(5) [30,191 [54,21 [64,121I
148,81 [217,121

DEPICT ING(l) [21,173
DEPLETION (1)[49,11
OERIVATIVES(l )[45,251
DERIVE(1) [127,191
DERIVED(1) [277,81
OERIvES(l) 169,81
DESCRIBE(2) [89,171 [95,71
DEscRIBED(5) [49,19] [6i,19J [77,6
[180,81 [209,111

DEscRIBING(4) [156,221 [156,241 [2
78,3] [280.19]

DEscRIPTIvE(l )[323,181
DESJGN(22) [27,1][35,6] [59,2][74
,171 [158,131 [176,3] [176,3] [187
,201 [192,141 [202,13] [205,21 [21
3,2] [225,4] [228,22] [228,24] [25
0,24] [269,24] [271,13] [272,61 [2
~,21 [308,71 [310,41

DESIGNATE(l )[167,211
DES IGNATED(l) [183,51
DESIGNED(16) [28,91[37,22] [110,2
11 [111,151 [111,161 [149,51 [158,
111 [202,251 [203,11] [206,61 [226
,41 [243,221 [244,10] [269,221 [27
7,111 [297,21

DESIGNING( 1)[65,171
DESIRABLE(1) [66,20]
OESIRE(l) [156,131
DESIRED(1) [211,221
DES IRES(l) [172,91
DESPERATELY(1) [297.201
OESPITE(ll) [4,111 [43,111 [56,231
[105,91 [120,221 [227,71 [227,121
[227,211 [232,61 [234.111 [317,19

OESTROYING(l )1178,11- -
OESTROYS(l )[14,81
DETAIL (5)[97,11] [118,22] [128,25
[129,11 [318,91

DETAILED(1) [304,51
OETA1LS(3) [35,191[180,25] [205,1
1]

DETECT(3) [67,11] [68,4] [213,161
DETECTS(1) [29,251
DETERIORATED(1) [148,41
DETER10RATION(3 )[159,25] [160,72
[322,141

DETERMINANCE(l )[77,181
0ETERMINANT(3) [29,20] [77,191 [24
1,241

DETERMINATIONS( 1)[58,14]
DETERM1NE(6) [58,171 [58,24] [110,
251 [204,241 [323,101 [339,11

DETERMINED [66,5] [66,6] [190,1
21 [230,241

DETERMINES(2) [90,241 [127,181
0ETERMINING(3) [67,4] [68,191 [278
*7I

DETRIMENT (1)[335.191

,101
IoAY’S(l) [174,191
0AYS(53) [9,5j[22,14] [27,4] [27,1
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DE TRIMEuTAL( l)[37,201
DEVELOP(4) [58,131 [59,161 [62,231
——a *7

1A

PED(7) [37,171 [41,121 [59,’
,,181 [140,61 [161,21[283,1(

Developing [51,161 [53,81 [253,
23] [254,31 [322,51 [322,91

DEVELOPMENT [1,91[1,121 [35,’
1] [48,141 [51,141 [52,181[59,141
[61,201 [179,231 [191,251 1193,61
[194,73 [339,231 [341,151

DEVELOPMENTAL(2) [193,11[248,161
DEVELOPS(2) [84,241 [103,41
DEVICE(7) [107,91 [109,17I [144,51
[144,81 [144,177 [144,181 [244,1/

DEVICES(3) [109,161 [115,241 [144,
191

DEVIL’ S(1)[312,91
DIABETES(1) [29,171
O lAGNOSED( 1)[229,41
OIAGNOSES(l) [21O,18I
DIAGNOSIS(lO) [1O3,1OI[1O3,22I [’
23,241 [124,121 [127,171 [135,151
[136.21 [180.21 [208,81[210.101

DiAGNOSii-SPECi FIC(i)[130, i9]
DIAGNOSTIC(4) [120,251 [124,101 [1
51,173 [185,221

DIAGNOSTIC-SPECI FIC(2) [121,201 I
124.91

OIALYSIS(6)[14,1OI C34,201 [65,14
[79.101 [322.161 [323.11

01ALtZER(l)Ci4,151 -
01APHRAGMATIc(22) [56,111 [97,101
C102,101[105, II[1O5,4I[1O5,1OI
[107,221 [120,17] [120,211 [121,$
[121,131 [121,24] [122,51 [122,61
[130,221 [130,251 [131,61[135,11

‘7f,91 [180,61 [208,201 [229,121
‘oLIC(2) [23,81 [100,31
,ONARIES(l) [13,81

)iuIE(l) [35,181
)IE(14) [26,16] [26,25][27,9] [49,
18] [74,4] [75,14] [75,16][76,11 I
93,181 [136,241 [148,171 [174,101
[295,61 [321,161
)IED(13)[43,1OI [43,111[43,151 [5
0,16] [59,22] [59,24][103,151 [1:
0,19] [130,21] [132,151[141,171 I
195,161 [211,1]
)IEGO(2) [88,201 [277,221
)IES(l) [74,111
)IETHYLSTILBESTROL( 1)[270,91
~IETS(l) [313,11
~IFFERENCE(81) [33,18][40,4] [56,
5] [65,17] [67,8] [67,111[83,211 I
85,11] [85,20] [93,221[93,231 [lC
3,14] [112,14] [129,19] [130,31 [1
32,3] [144,71 [152,71 [160,25] [18
5,141 [186,101 [187,121 [189,111 I
189,16] [189,191 [189,201 [191,61
[191,221 [192,81 [193,10] [193,14
[193,173 [205,161 [211,201 [214,1
9] [214,25] [215.25] [216.12] [214
,171 [2;7,31 [220,6] [220;171 [22C
,201 [221,11 [221,41 [222,11] [222
,121 [222,16] [222,18] [222,18] [2
22,25 I [226,16] [228,71[231,221 [
232,2 I [232,17] [232,23] [235,41 [
241,2] [245,11] [245,11] [247,181
[247,231 [248,21 [248,4] [248,111
[248,141 [254,251 [256,71 [256,14
‘?57,201 [258,11] [262,10] [271,4

17,211 [287,241 [294,10] [302,1
;316,201 [3i7,13] [327,20]

~..tFERENCES(24) [37,21[40,111141

1,8] [49,101 [106,7I[127,9I [141,8

[147,211 [171,12) [199,131 [200,2
[21O,17I [211,111 [211,141 [213,1
61 [220,121 [220,181 [235,231 [23/
,11 [239,111 [239,121 [242,71 [25E
,11 [314,141

DIFFERENT( 116) [14,51 [24,41 [24,5
[24,51 [24,71 [24,8] [29,161 [30,1
21 [33,21 [33,151 [34,131 [36,41 [:
6.51 [41,31 [41,111 [52,21 [53,211
[54,41 [59,81 [61,91[6i,201 [U,:
[74,20] [74,211 [79,11 [80,181 [85
,81 [86,151 [87,51 [92,161 [93,6) I
107.91 [107.201 [109.221 [109.23I
[lli,~- [112,101 [112,151 [lli,24
[113,171 [115,211 [116,41 [116,61
[116,71 [116,81 [117,121 [119,61 I
119,191 [121,151 [123,121 [124,31
[124,5] [128,211 [129,231 [130,11
[132,18] [138,211 [151,31 [157,12
[161,131 [163,81 [166,231 [167,11
[168,5] [169,191 [173,141 [175,61
[186,21 [194,171 [195,171 [197,1P
[201,221 [206,151 [212,31 [212,12
[212,25] [216,151 [216,201 [221,i
11[222,61 [223,201 [224,71 [225,1
01 [225,111 [236,71 [240,61 [254,7
[257,211 [258,161 [266,41 [266,41
[267,19] [283,51[287,141 [288,91
[288,251 [289,21 [292,91 [293,121
[293,131 [298,151 [298,173 [317,1
51 [317,161 [317,19] [320,211 [323
,51 [323,81 [326,151 [333,201 [335
,91 [335,221 [337,241 [341,81 [341
;91[341;91

)1FFERENTLY(l )[335.21
)IFFERING(2) [258,101 [304,201
)IFFICULT(20) [14,91[22,251 [26,1
21 [46,251 [49,1) [63,141 [74,121 [
84,131 [99,21 [101,121 [118,41 [13
5,131 [140,111 [140,201 [141,71 [1
42,41 [150,121 [171,91 [226,7] [25
7,101
)1FF1CULT1ES(6) [29,31 [59,191 [63
,41 [~,241 [87,151[194,121
)1FFICULTY(2) [91,111 [268,14]
)IFFUSE(3) [45,41[97,51 [104,31
21FFUSING(l) [11,51
)ILATE(5) [12,231 [17,61 [17,121 [1
7,161 [17,191
)ILATING(2) [17,221 [100,6)
)ILATION(l) [12,71
11LAToR(4) [13,41 144,151 [106,73]
[108,221

)ILATORS( 1)[44,91
)ILEMMAS( 1)[92,81
)ILIGENCE( 1)[305,231
)IMINISH(I) [57,181
)IoXIDE(16) [9,91[9,141 [11,14] [3
0,111 [41,11 [46,11[47,51 [47,181
[47,20] [48,151 [53,1][117,16] [1
83,131 [183,211 [192,191 [276,111
)IRECT(4) [55,91 [240,121 [249,24]
[280,231

)IRECTED(l )[69,71
)IRECTING(2) [138,3] [263,18]
)IRECTION(8) [59,121 [79,9) [82,16
[99,11 [110,41 [171,131 [198,161 [
199,16]
)IRECTIONAL[ 1)[242,211
)IRECTLY(8) [26,171 [47,111 [48,22
[49,2] [50,19] [52,4][177,23] [27
8,241
)IREcToR(l )[178,201
)IRTY(2)[316,1OI [316,21]
)JSABILITY(3) [124,1] [179,23] [19
4.71

DISADVANTAGES(3) [146,101 [147,51
[158,11

D ISAGGREGATE(l )[8,6]
DISAGREE( 13) [202,16] [297,141 [3C
0,9] [305,13] [305,14] [306,3] [3C
6,12] [310,4] [31O,7I [314,161 [31
4,17] [341,17] [341,21]

DIsAGREEs(2) [300,41 [316,141
D 1SAPPEARS( 1)[280,251
D1SAPPOINTEO(2) [203,241 [281,251
DISAPPROVAL(1) [261,71
DISCERN(1) [46,251
DIscHARGE(6) [75,1OI [90,251 [193,
12] [193,16] [193,241 [210,21

DISCHARGED(l )[193,211
DISCIPLINED (3)[341,161 [341,181 [
341,191
DISCOMFORT(1) [69,101
01SCOMFORTING( 1)[82,121
DISCONNECT(1) [339,131
DISCONT1NUATION(3) [30,201 [55,61
[66,51

DIscoNTINUE(3) [61,11 [215,181 [34
1,31

DIscoNTINUED(8) [31,51 [41,171 [18
3,20] [184,1] [192,91 [209,231 [22
7,121 [246,221

DISCWRAGE( 1)[298,111
DISCOURAGED(1) [316,?81
DISCOURAGING( 1)[298,211
DISCREPANCY(2) [309,81 [309,101
DISCREPANT(1) [5,121
DISCRETE(1) [209,251
OISCRETION( 1)[209,221
DISCRIMINATING( 1)[78,1OI
01SCUSS(9) [21,12] [47,6] [71,91[8
8,25] [115,10] [137,9] [141,20] [2
08,51 [295,21]

D1scussED(14) [2,21 [44,71 [44,211
[45,21 [45,101 [115,131 [145,31 [1
52,25] [201,9) [254,151 [278,241 [
279,81 [289,101 [325,201

01scuSSING(6) [4,131 [46,?51 [89,1
1] [94,201 [115,172 [140,81

DISCUSS ION(28) [1,51 [1,71[2,101 [
5,2] [7,21[7,31 [58,91 [58,121 [59
,51 [133,211 [134,31 [140,21 [146,
9] [147,13] [160,19] [165,13] [166
,6] [170,31 [178;161 [206;151 [262
,17] [263,11] [265,231 [272,101 [2
89,25] [300,23] [303,11[303,41

DISCUSSIONS(2) [177,121[307;221
DIsEASE(126) [21,19] [22,161 [29,1
8] [38,101 [43,131 [43,241 [50,161
[51,51 [52,71 [57,11 [61,191 [62,1
7] [65,6] [66,171 [67,221 [69,251 [
70,16] [70,18] [70,201 [70,221 [71
,81 [74,201 [77,151 [77,181 [85,21
[86,31 [87,161 [88,231 [91,151 [93
,171 [93,241 [95,9] [95,101 [95,15
[95,181 [96,71 [96,231 [97,61 [97,
15] [99,15] [99,161 [101,51 [101,6
[102,41 [102,241 [102,241 [103,22
[104,51 [104,101 [104,131 [104,19
[105,91 [105,191 [105,211 [106,10
[106,111 [106,201 [106,201 [107,3
[109,51 [109,121 [109,141 [109,21
[110,91 [110,111 [110,131 [110,17
[110,231 [111,141 [112,91 [112,16
[112,171 [113,151 [113,251 [114,8
[114,121 [114,21] [114,241 [115,4
[116,151 [121,151 [122,8] [123,24
[127,111 [129,81 [131,11 [134,91 [
135,41 [138,20] [144,241 [145,131
[146,11 [154.121 [157,71 [157.181
[157;201 [16~,201 [lti,71 [165,10

[165,20] [168,131 [168,141 [180,1
71 [185,231 [204,181 [208,20] [2i[
,101 [224,241 [241,121 [242,1][21
2,81 [258,71 [258,81 [259,31 [259,
101 [260,16] [267,10] [268,18] [2[
1,15] [287,241 [288,101 [293,231
309,9] [319,171 [321,91 [321,161

OISEASES(21) [49,171 [70,51[77,1!
[7’7,131 [93,91 [95,121 [96,25] [9;
,121 [98,5] [1OO,17I[1O5,17I [114
,91 [114,20] [125.16] [164,3] [167
,151 t1ti,221 [210,211 r210,2i] t;
87,121 [317.161

DISORDER(3) ~61,211 [90,11[93,81
DISORDERS(4) [46,14] [78,20] [280,
181 [295,231

DISPROVEN(1) [220,25]
DISRUPT ION(1) [43,231
DISSECT(1) [115,14]
DISSEMINATED( 1)[37,161
DISSENT(1) [301,61
DISSENTING( 1)[307,131
DISSERVICE(l )[268,11
DISTINCT (1)[49,221
DIST[NCTION(3) [68,16] [175,18] [3
40,61
DISTINCTIONAL(l )[180,151
DISTINCTIONS(l )[135,181
DISTINCTLY(I )[34,121
DISTRESS(12) [21,141 [52,6][95,11
[97,71 [102,91 [104,31 [113,141 [1
43,2 I [143,5] [180,3] [185,25] [28
7,81
DISTRIBUTED(1) [271,21
DISTRIBUTION(2) [247,231 [248,111
DISTURBEO( 1)[12O,1OI
DIVERGENT(I )[156,31
DIvERsE(3) [45,171 [87,161 [118,21
)IVERSITY( 1)[31O,18I
31VIDE(l) [300,11
)IVIDED(3) [21,41 [96,11 [96,91
)IVISING(l )[321 ,121
)IVISION(8) [6.91 [24.11 [317.211[
323,15] [324,il [324;141 [32B,171
[338,121

)NT(1)[1O,3I
)OCTOR(2) [14.23I[134.1OI
)OCTORS(5) [6;91 [i9,25] [76,23] [2
20,2] c312,1i
)oING(39) [6,191 [11,11] [14,1] [34
,6] [34,9] [34,25] [56,241 [58,121
[67,23] [79,51 [113,171 [122,11 [1
25,131 [133.18] [142.8] [145,1] [1
48;221 [158;8] [159,8] [165,?I [16
7,101 [172,201 [198,51 [224,141 [2
25,121 [268,251 [275,2] [275,61[2
75,141 [289,41 [302,19] [318,4][3
23,241 [326,221 [327,101 [328,191
[331,131 [337,151 [340,81

)oNE(57) [5,251 [14,21] [15,181[24
,21 [49,24] [61,81 [71,51 [i3,121[
74,21 [75,251 [83,9] [101,25] [107
,141 [108,201 [115,16] [117,111[1
20,71 [122,161 [128,3] [135,1] [14
3,181 [156,221 [156,251 [158,121 [
160,61 [161,101 [165,101 [175,251
[198,131 [241,23] [247,16] [253,1
01 [258,21 [258,4] [258,51 [258,24
[262,161 [262,191 [266,81 [266,25
[271,13] [272,24] [273;6] [275,12
[297.161 [305,22] [308.221 [309,5
[309;51 [309,i51 [326,231 [327,i]
[328.151 [334.241 [339,31 [339.51
[339;6] “ “ -

)oNoR(3) [17,121 [72,151 [134,61
)ONORS(l )[270,15]
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)OSE(59) [3,111 [18,1OI [18,13] [3C
_~9t30,151 [30,173 [32,91 [32,91 I

‘7] [35,21] [40,51 [40,121 [42,
,41 [53,251 [59,21 [114,221 1
(7I[213.151 [227,151 [245,21

[24i,2j [246;51 [246,141 [246,211
[247,191 [247,241 [248,51 [248,81
[248,121 [251,91 [251,12] [251,1Z
[251,161 [251,181 [263,81 [263,1C
[271,211 [279,241 [282,141 [282,2
0] [282,231 [284,9I [284,131 [284,
161 [284,191 [284,201 [284,231 [2f
5,1] [285,61 [285,173 [286,1] [284
,2I [286,101 [286,181 [287,11 [30t
,251 [307,41 [336,31
)OSES(16) [4,51 [15,241 [31,251 [32
,11] [41,21 [47,161 [48,13] [48,15
[51,61 [51,81 [51,211 [53,41 [137,
23I [251,131 [251,231 [284,231
)OSING(l) [30.151
)oTs(l)[s3,1il
)ouBLE(5) [120.11 [179.11 [228.231
[250,211 [261;121 - -
)CUBLE-BLIND(3) [35,19] [38,51 [24
3,241
)OUBLE-BLINDED(l )[36,81
)aJBLED(l) [17,11
)OUBT(3) [169,231 [202,31 [290,171
)OUN(39) [1,151 [8,51 [9,181 [11,1C
[12,221 [13,141 [14,251 [15,61 [16
,31 [17,41 [17,91 [18,31 [18,61 [l@
,173 [18,231 [66,72 [79.61 [119,72
[121,231 [130,171 [150,51 [150,12
[192,171 [203,51 [205,191 [206,25
[217,151 [224,21 [234,31 [245,241
[255,121 [266,51 [278,181 [284,24

~2q:,:jl [290,151 [301,51 [304,22

!;1)[16,161
.21) [1,31[1,201 [1,231 [2,201 [

2,231 [2,251 [4,171 [4,211 [4,221 [
4,22 I [6,13] [7,5] [7,5] [7,5] [20,
41 [20,51 t20,7j [20,71 [20;81 [22,
10] [23,251 [27,21 [27,251 [28,121
[28,141 [28,151 [33,91 [35,181 [37
,141 [42,131 [42,141 [53,81 [54,91
[56,1OI [58,101 [59,151 [59,151 [5
9,24] [60,11 [60,8] [60,121 [60,16
[60,211 [61,21 [61,151 [61,16) [62
,21 [62,141 [63,31 [63,151 [64,11 [
64,41 [&+,61 [64,15] [65,12] [65,2
1] [67,1] [67,13] [68,6] [68,173 [6
9,23 I [70,91 [70,14] [71,2] [71,20
[73,241 [74,241 [75,61 [75,91 [75,
23I [76,14] [76,181 [77,101 [78,41
[78,72 [78,81 [78,91 [78,131 [78,1
4] [78,16] [79,161 [80,41 [80,171 [
81,10] [81,13] [81,16] [81,22] [82
,31 [82.131 [82,141 [82,171 [82.19
[82,201 [82,201 [82,251 [83,21[83
,S] [83,10] [83,11] [83,121 [83,16
[84,101 [84,151 [87,31 [87,101 [87
,121 [87,131[88,19] [88,20] [89,1
5] [90,2] [90,8] [90,13] [91,6] [91
,111 [92,11 [92,10] [93,11] [93,15
[94,77 [94,19] [94,221 [94,23I [94
,251 [96,101 [107,4] [115,8] [121,
16] [124,17j [126,10] [128,4] [128
,20] [129,1] [131,9] [133,15] [133
,173 [133,173 [133,21] [133,24] [1
34,24] [135,14] [136,131 [136,161
“l36,25I [137,11] [137,19] [137,2

[138,7] [138.12] [138.13] [138,
.3[139,41 [139,121 [139,211 [139

1

,251 [140,4] [q40,51 [140,10] [140
,211 [141,12] [141,19] [141,22] [1

42.71 [142.91 [142.111 [143.231 [’
44;41 [144;25] [145,61 [145;81 [1(
6,71 [146,81 [146,81 [147,21 [147,
16] [148,241 [149,9][149,191 [15(
,2I [150,181 [151,41[151,241 [15:
,8] [152,241 [153,61[153,81 [!53,
141 [153,181 [154,21[154,241 [15!
,19] [156,121 [156,191 [157,11 [1!
7,211 [158,141 [159,131 [162,151
163,21 [163,121 [163,121 [163,161
[164,81 [165,121 [166,61 [166,191
[167,131 [168,41 [168,231 [169,11
[I69,1OI [169,121[169,17] [169,‘
91 [169,251 [170,21[170,241 [171(
221 [172,41 [174,81 [174,161 [175,
19] [176,51 [176,171 [177,81 [177,
11] [177,221 [178,51[178,141 [17[
,191 [194,121 [194,151 [194,231 [’
95,91 [196,41 [196,61[196,81 [19{
,101 [197,101 [197,201 [197,241 [’
98,151 [198,191 [199,41 [199,251 I
200,11 [200,41 [200,81[200,161 [2
00,201 [200;221 [201,11 [201,241 I
202,31 [202,9] [202,111 [202,121 I
202,141 [202,161 [202,171 [202,1!
[203,31 [203,71 [203,10I [203,151
[203,161 [204,41 [204,201 [205,1:
[205,171 [205,171[205,181 [207,[
[207,111 [207,121 [207,15] [213,1
71 [213,173 [213,181 [215,231 [21t
,2I [216,31 [216,61[216,81 [216,1
!1[216,161 [216,181 [216,191 [21{
,251 [217,11 [217,41[217,91 [217,
111 [217,141 [217,171 [217,181 [21
7,191 [217,211 [217,221 [217,231 I
217,251 [218,11 [218,21 [218,41 [;
18,51 [218,71 [218,81[218,131 [21
8,141 [218,18] [218,201 [218,221 I
219,11 [219,21 [219,31[219,41 [21
9,71 [219,81 [219,111[219,121 [21
9,141 [219,16] [219,171 [219,241 I
220,11 [220,51 [220;81 [220,91 [22
0,141 [220,161 [220,221 [221,1] [;
21,51 [221,181 [222,91[222,21] [i
22,231 [223,3] [223,41[223,51 [22
3,151 [223,221 [223,241 [223,251 I
224,11 [224,91 [224,191 [225,1] [2
25,61 [225,24] [226,11 [226,91 [22
6,121 [235,151 [235,191 [235,251 I
236,101 [237,21 [237,91 [237;1411
237.181 [238,81 [238.91 [238.231 I
238;231 [239;21 [239;61 [239;8] [2
39,91 [239,101 [239,131 [240,231 I
241,11 [241,5] [241,6] [241,25] [2
41,251 [242,111 [242,131 [242,141
[242,15] [242,161[242,18] [242,1
91 [242,201 [242,23][242,24] [243
,3I [243,4] [243,11][243,16] [243
,18] [248,19] [249,1][249,21 [24$
,71 [249,151 [250,11[250,21 [250,
61 [250,81 [250,121[250,21] [250,
23I [250,24] [251,21[251,31 [251,
51 [251,8] [251,151 [252,3] 1253,C
[253,161 [254,121 [254,181 [255,7
[255,111 [255,151 [255,181 [256,7
[256,10I [257,11 [257,141 [257,17
[257,191 [258,11 [258,11] [258,14
[259,131 [259,151 [260,2) [260,81
[260,121 [260,201 [260,211 [260,2
31 [260,23I [260,231 [261,11 [261,
11 [261,5] [261,161 [261,181 [261,
191 [261,201 [261,211 [261,251 [26
2,3I [262,111 [262,171 [262,18] [2
63,2] [263,12] [263,141 [264,121 [
265,81 [265,151 [265,241 [268,2] I
268,20] [269,31 [269,161 [269,251

[270,211 [270.25] [271,2] [271,4:
[271;6] [271,X [271,9j[272,9] [:
T3,71 [273,20] [274,191 [275,191
275,231 [276,2] [276,131 [277,21:
[278,201 [280,151 [281,31 [281,2
[282,21 [282,41 [282,161 [282,21:
[282,221 [282,251 [283,31 [283,5:
[283,81 [283,91 [283,191 [283,23:
[284,21 [284,51 [284,111 [284,15:
[284,191 [284,211 [284,251 [285,{
[285,5] [285,11] [285,12] [285,1!
[285,161 [285,181 [285,201 [285,~
21 [285,22] [286,21 [286,41 [286,/
[286,91 [286,141 [286,151 [287,2:
[287,61 [287,9] [287,11] [287,15:
[287,171 [287,211 [288,151 [288,;
01 [288,231 [289,61 [289,91 [289,‘
21 [289,19] [290,41 [290,131 [291,
91 [291,17’3[291,191 [291,201 [29’
,211 [291,221 [291,241 [292,72 [2!
2,9] [292,10) [292,11] [292,20] [~
93,111 [293,141 [294,71 [294,81 [i
94,221 [294,251 [295,131 [295,191
[297,11 [297,61 [297,91 [297,121 I
297, 14) [297,15] [297,171 [297,2:
[299,2] [299,25] [300,101 [300,1~
[300,17] [300,21] [302,7] [302,2
[303,131 [303,191 [304,141 [304,2
31 [305,15] [305,171 [305,241 [30!
,251 [306,131 [306,151 [306,161 [:
06,221 [306,24] [307,91 [307,231 I
308,141 [308,201 [308,211 [309,1[
[310,61 [310,71 [310,81 [310,121 I
310,151 [310,221 [311,21 [311,31 1
311,131 [312,5] [312,91 [312,10] I
312,20) [312,221 [313,91 [313,101
[314,171 [314,22] [314,231 [315,1
[315,21 [315,51 [315,121 [315,141
[316,121 [316,191 [317,51 [317,6]
[317,71 [317,13] [317,201 [318,61
[318,111 [318,131 [318,141 [319,4
[319,111 [320,51 [320,61 [320,161
[320,191 [320,251 [321,31 [321,11
[321,241 [322,31 [322,171 [322,2:
[323,41 [323,7] [323,121 [323,161
[324,11 [324,31 [324,91 [324,161 I
325,7I [325,91 [325,151 [325,161 I
325,171 [325,19] [326,61 [326,211
[327,21 [327,41 [327,51 [327,71 [?
27,211 [327,22] [328,161 [328,181
[328,221 [329,11 [329,91 [329,141
[329,191 [330,181 [330,201 [330,2
2] [330,23] [330,251 [331,2] [331,
51[331,73[331,91 [331,1?3 [331,1
21 [331,141 [331,172 [331,191 [331
,21] [331,23) [332,3) [332,111 [33
2,14] [332,181 [332,241 [332,25] I
333, 1][333,31 [333,n [333,91 [33
3,191 [335.71 [335,231 [336.251 [3
37,21 [337;51 [337;71 [337,i1I [33
7,19J [337,211 [338,11 [338,23113
39,7I [339,11] [339,20] [340,2] [3
40;41 [340;71 [340,81 [340,101 [34
0,221 [340,251 [341,51 [341,81 [34
1,12] [341,18] [341,191 [341,201 [
341,221
)RAFT(2) [217,161 [217,191
)RAG(2) [221,251 [311,111
)RAGGED(1)[311,1OI
)RAGGING(l) [312,61
)RAINAGE(l )[119,221
)RAINEO(l) [14,161
)RAMATIC(9) [50,10] [53,15] [56,15
[106,3] [114,17] [124,11] [124,16
[134;161 [240,61

)RAMATICALLY(10) [52,161 [72,81 [2

9.10] [106,11 [131.111 [143.31 [22
1;121 [221;151 [245,101 [24~,15]

0RAU(4) [60,121 [249,8] [2T3,51 [3
2,141

DREAM(4) [9,251 [9,25] [17,14] [18
73

DRIvEN(2) [197,11 [324,181
DRIV1NG(4) 153,211 [116,23] [216,
01 [216,221

DROP(9) [13,172 [13,231 [18,5] [11
,161 [227,101 [227,221 [237,161 [
37,17Y [238,101

DROPPED(5) [38,201 [39,201 [110,7,
[139,11 [244.221

DROPPiNG(3) [i05,241 [114,16] [13’
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[26,221 [27,51 [27,72 [28,61 [28,‘
01 [63,11 [73,51 [75,22] [77,25] [~
9,211 [85,1][85,~2J [85,171 [86,’
[89,51 [89,91 [90,111 [90,111 [90,
211 [134,111 [162,221 [181,14] [1!
6,31 [196,71 [225,231 [270,3] [27(
,7’3[270,171 [301,101 [310.251 [3;
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,81 [338;91 [339;161[339;23I [34’
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201 [203,20] [209,231 [210,5] [212
,51 [212,241 [213,31 [229,221 [23(
,161 [236,12] [236,13] [238,181 [;
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i,51 [244;91 [248,i71 [249,i91 [2!
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1][51,131 [52,10] [53,251 [54,51 I
54,71 [54,241 [55,91 [55,121 [57,4
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:FFIcIENcY(l) [276,111
:FFORT(1)[19O,1OI
:FFORTS(l) [42,251
:HRENKRANZ(24) [178,191 [178,201 I
194,231 [196,41 [196,81 [197,101 I
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211,81 [220,61 [220,201 [220,241 [
229,251 [230,61 [244,51 [244,81 [2
55,201 [268,181 [270,71 [292,61 [3
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319,11 [320,21] [321,21[321,101 [
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EVALUATED(8) [182,61[182,141 [184
,251 [188,161 [247,211 [259,241 [2
94,181 [309,251
EVALUATING(2) [75,221[106,201
EVALUATION(4) [58,241 [58,251 [180
,111 [259,21

EVALUATORS(1) [193,11
EVEN(54) [2,1116,51[12,61 [15,61[
18,141 [18,151 [18,171 [27,131 [27
,161 [27,18] [30,21[62,19] [66,21
[72,251 [~,72 [74,221 [82,21 [85,
11 [86,21 [92,221[93,11 [114,171 [
131,31 [132,61 [136,211 [137,211 [
140,151 [141,111 [141,161 [165,22
[166,101 [1%$,131 [199,181 [202,2
11 [206,241 [207,11 [207,61 [225,1
51 [251,231 [264,121 [270,171[285
,231 [286,51 [288,51 [293,151 [299
,121 [308,1] [319,201 [321,51 [328
,131 [329,9] [329,91 [334,191 [341
,201

EVENS(1) [131,141
EVENT(9) [2,1OI[56,71[57,21 [120,
111 [126,21 [160,31 [160,81 [280,1
01 [280,121
EVENTS(23) [34,11[34,41 [34,72[37
,131 [41,73 [41,81[42,81 [51,41[5
1,22] [51,24] [51,241 [52,1)[55,1
31 [66,131 [66,231 [171,141 [171,1
91 [192,11 [202,241 [203,20] [203,
231 [246,41 [246,51
WENTUALLY(I )[335.171
EVER(5) [16171 [267;161 [303,61 [31

8,221 [336,141
EvEREsT(l)k13;211
EVERY(20) [19,11 [32,31[42,21 [184
,251[196,211 [197,241 [203,131 [Z
20,22] [254,16] [265,171 [266,191
[287,121 [313,21 [324,10) [332,61
[33Z.71 [332.81 [332,161 [334,41 I
337,91 - -
EVERYBODY(13) [39,131[142,181 [15
0,13] [157,9] [174,41 [291,171 [25
2,131 [292,141 [308,171[322,2011
322,2111336,51 [336,6)
EVERYONE(l3) [1,161 [75,21[175,21
[178,81 [194,131 [257,171 [284,12
[284,171 [290,111[291,161 [304,2
[325,91 [338,21

EVERYONE’S(1 )[94,151
EVERYPLACE(1)[311,41
EVERYTHING(8) [7,211[63,31 [286,4
[329,31[332,61 [336,81 [336,241 [
340,24]
EVIDENCE [37,221 [41,181 [50,2
0] [58,20] [61,131 [79,81[83,191 [
89,19] [89,231 [89,241[91,141 [10
1,173 [111,21 [127,221 [142,91 [15
4,21] [167,41 [167,61 [169,201 [17
8,3I [191,8] [205,4] [208,171 [208
,22] [217,121 [243,251 [244,131 [2
51,61 [253,251 [259,61 [260,151 [2
65,3] [270,181 [282,161 [298,31 [2
98,7I [298,10] [300,71 [300,121 [3
00,13] [301,161 [301,221 [316,151
[323,91[330,51 [340,141 [340,181

EVIDENT(5) [4,141[72,101[302,241
[304,101 [305,121

EVOLUTION(2) [116,141 [128,31
EVOLVE(1) [205,211
EVOLVED (1) [308,251
EVOLVES(1) [337,41
EVOLVING(Z) [115,221 [132,81
EXACT(2) [136,191 [199,221
EXACTLY(8) [23,11 [32,161 [35,131 [
110,6] [194,18] [293,91 [318,161 [
318,231
EXAGGERATE(1) [339,211
EXAM(1) [184,151
EXAMINE (1)[215,71
EXAMINED(3) [3,71 [248,21[300,251
EXAMINES(1) [79,21
EXAMPLE [43,221[57,51 [79,201
[84,21[86,91 [93,11[96,81 [97,61
[99,19] [100,8] [102,211 [104,91 [
104,ZZ] [105,101 [109,131 [114,24
[136,31 [148,201 [151,251 [161,13
[162,191 [167,121 [168,ZI [168,3)
[180,191 [184,181 [184,201 [328,6

EXAMPLES(3) [107,17I [108,11 [143,
11
EXCAVATED (1) [78,111
EXCAVAT 10N(1)[90,241
EXCELLENT(3) [118,141 [133,241 [31
3,6I
EXCEPT(6)[16,11 [48,191 [181,171 [
213,111 [267,131 [272,161
EXCEPTION(5) [126,231 [150,61 [158
,19] [246,61 [322,201

EXCESS(4) [81,51 [81,111 [81,141 [8
1,23]

EXCESSIVE(2) [83,1)[85,141
EXCHANGE(3) [44,71 [119,21 [141,71
EXCITEMENT(2) [44,201 [57,121
EXCITING(I) [330,81
EXCLUDE(7) [2,131 [81,181 [244,151
[258,61 [298,201 [300,181 [309,7]

EXCLUDED(4) [38,141[208,191 [229,
lDI [252,23]

EXCLUSION (4j[2, i4]ti80, i4j~310,
41 [310,131

EXCLUSIVE(I) [72,1]
EXERCISING(l )[339,Z41
EXHALATIONS(1) [19,181
EXHALE(1) [19,161
EXHALEO(l) [19,201
EXHALING(1) [19,161
EXIST(1) [6,51
EXISTENCE(1) [5,22]
EXISTING(l )[145,201
EXISTS(5) [58,171 [89,241 [284,171
[284,201 [340,181

EXIT(3) [119,81 [230,201 [322,151
EXOGENWIS(4) [49,131 [49,23] [52,4
[229,181

EXPANSION( 1)[241,11
EXPECT(6) [35,211 [69,31[105,Z3I I
187,11] [203,11 [339,18]

EXPECTED(7) [27,61 [27,211 [27,221
[39,201 [52,221 [106,131 [181,251

EXPEOITIWS( 1)[326,1OI
EXPENSIVE(2) [16,51 [172,211
EXPER 1ENCE(Z5 )[32,16] [44,13] [44
,22I [58,5] [63,151 [72,51 [87,241
[88,231 [106,31 [107,51 [109,172 [
110,191 [154,91 [224,121 [255,51[
266,241 [269,61 [269,201 [278,111
[279,41 [294,251 [295,25I [296,61
[297,191[322,121

EXPERIENCED(1) [184,51
EXPERIENCES(5) [4,121 [250,251 [26
9,8] [273,31 [338,71

EXPERIENCING(l )[78,Z11
EXPER114ENT(2)[11,12] [138,24]
EXPERIMENTAL(5) [46,3][49,10] [52
,1] [54,11 [54,61

EXPERIMENTATION(1) [24,41
EXPERIMENTS(Z) [58,51[138,171
EXPERT(I) [139,61
EXPERTISE(4) [91,121 [92,11] [296,
3] [296,9]

EXPLAIN(2) [141,11 [289,81
EXPLAINED(2) [72,171 [93,231
EXPLANATION(3) [143,251[200,211 [
281.231

EXPLORE (4)[50,251 [157,23] [158,1
[158,121

EXPLORED(2) [199,121 [318,81
EXPOSE(1) [338,81
EXPOSEO(7) [3,101 [3,201[6,7J[6,7
[52.21) [186.171 [188,81

EXPOSURE(7) [9,221 [15;31 [32,161[
47,4] [107,6] [125,14) [266,131
EXPWNO( 1)1200,241
EXPRESS(1) [319,51
EXPRESSED(1) [318,151
EXPRESSING(1) [169,231
EXPRESSION(l )[3,17I
EXTENSIVE(3) [6,22] [88,23] [278,1
11

EXTENSIVELY(2) [4.251[202,171
EXTENT(5) [41,241[85,41 [205,211 [
322.181 [325.201

EXTERNAL(Z) [i04,17’2[185,51
EXTRA(2) [75,161 [98,91
EXTRACORPOREAL (3) [43,1] [96,141[
10Z,19I

EXTRAORDINARY(1) [15,71
EXTRAPOLATE(1) [143,20]
EXTRAPOLATED(1) [163,41
EXTRAPOLATES(1) [162,171
EXTRAPULMONARY( 15)[98,161 [99,51
[99.211 [99.251 [100.51 [100,191I
101;Z3I [10~,151 [10~,il] [105,25

CASET Associates, Ltd.,’ ENDPOINTS to EXTRAPULMONA

—



iGESAVER TM First Day Page 15

l~zl
:... ;(6) [163,51 [298,201 [300,6

31 [301,141 [307,51
:., :LY(3) [8,73 [8,141 [204,71
ZXTREMES(3) [99,231 [167,181 [298,
251
IXTUBATED(l )[40,21
:XTUBATION(3) [27,171 [39,241 [~o,
1]
:YE(5) [155,73 [222,101 [272,21 [30
1.101 [304.121..—.:==============================

F F
,===== ------ ====== ====== ====== .

‘ACE(2) [29,31 [266,191
‘ACED(2) [80,181 [268,211
‘ACETIOUS( 1)[93,151
‘ACILITATE( 1)[313,221
‘ACILITY(l )[296,141
‘ACT(61) [5,221[6,51 [9,131 [30,16
[40,51 [53,241 [66,121 W, 141 [70
,221 [71,131 [71,161 [74,251 [77,3
[79,171 [80,11 [80,71 [83,231 [90,
191 [94,21 [101,51 [125,101 [127,2
21 [137,51 [138,241 [142,171 [142,
201 [147,!01 [153,21 [154,161 [163
,3I [165;101 [177;171 [178,41 [178
,5I [187,13] [195,201 [197,71 [216
.201 [221,91[243,61 [251,171 [253
;221 [257;2] [259;171 [263,181 [26
6,31 [270,11 [270,191 [279,101 [28
1,241 [292,51 [296,1] [297,151 [30
0,241 [301,11 [307,141 [309,241 [3
18,11 [326,73 [330,51 [339,151
‘ACTOR(6) [7,201 [30,21 [35,251 [80
~~[84,111 [277,81

~~D(4) [82,173 [83,251 [84,61

.(;AL(1) C31O,3I
‘ACTORING(1)[83,241
‘ACTORS(10) [61,221 [68,191 [96,31
[102,131 [109,41 [132,111 [199,18
[264,241 [309,241 [309,251
‘ACTS(3) [219,251 [223,251 [263,10
‘ACULTY(l )[219,231
‘ADES(l)[86,251
‘AIL(2)[44,11 [117,91
‘AILEO(5) [111,111 [112,51 [113,31
[113,221 [175;221
‘AILING(3) [111.121 [113.91 [272.7
‘AILS(l)[i93,201 “ -
‘AILURE(93) [19,151 [20,211 [32,21
[33,51 [33,171 [33,201 [34,111 [35
,111 [41,91 [42,221 [42,23] [57,61
[64,91165,51 [67,21 [67,51 [68,31
[68,61 [68,211 [68,221 [78,221 [84
,3I [84,161 [84,191 [84,201 [85,51
[85,81 [87,191 [87,251 [91,151 [91
,161 [91,161 [91,181 [94,211 [94,2
31 [95,31 [95,71 [96,121 [96,151 [9
6,221 [97,11 [98,61 [102,71 [103,2
01 [110,231 [114,101 [116,11) [122
,241 [126,241 [131,1] [132,61 [132
,251 C137,71 [143,61 [143,91 [143,
101 [143,12] [143,13] [148,71 [151
,251 [152,21 [161,171 [162,91 [167
,11 [167,51 [167,81 [167,16] [167,
211 [168,73 [168,9] [180,1] [190,7
[194,41 [237,111 [238,131 [260,14
[279,131 [280,21 [284,61 [287,131
‘S, 19] [290,23] [290,24I [292,3

,181[293,11] [293,21] [298,3

kznclFAILURES(5) [76,21 [84,71 [117,231

[282,31 [322,161
FAIR(8) [22,161 [175,141 [261,21 [3
03,121 [304,11 [305,231 [305,241 I
310,51
FAIRFIELD(l )[265,241
FAIRLY(12) [33,111[38,241 [41,21 [
48,173 [73,81[79,141[114,131 [14
5,221 [173,251 [300,111 [302,151 [
339,141
FAIRNESS(I) [2,171
FAITH(l) [197,31
FAITHFULLY(l )[94,131
FALL(2) [5O,1OI[31O,1OI
FALLEN(1) [116,191
FALLING(l) [96,201
FALLS(2) [57,91[69,31
FAMILIAR(2) [201,101[276,231
FAMILY(2) [75,111[133,91
FANAT1CALLY( 1)[301,31
FANTASTIC(1) [80,141
FASHION [1,151[7,31[69,221 [8
5,161 [116,101 [128,221 [146,61 [1
49.211 [175,151 [?99,11[207,231 I
230,181 [230,251[279,1) [29~,171
[295,61 [305,91[322,11 1326,111 I
338,9)
FASHIONABLE(1) 119,221
FASTER(2) [1O,I8I [317,151
FAT(3) [7,241 [8,11[8,21
FATAL(2) [131,51[203,201
FATALITY(2) [62,201[293,231
FATHER(1) c14,21
FAULTED(1) [124,251
FAVOR(9) [24,121[25,81[116,201 [1
61,151 [161,211[162,251 [266,251
[298,41 [326,11

FAVORABLE(4) [57,151[58,51 [69,17
[336,81 .

FAVOR ING(l) [58,61
FBR(l) [237,161
FOA(13) [2,121[143,151 [195,141 [1
98,241 [267,131[280,111 [303,231
[308.221 [312.201 [327,241 [328,7
[335;11 t335,i3] - -

FEAR(2) [58,11[80,51
FEAsIBLE(l) [218,241
FEAT(1) [36,11
FEATURE(2) [277,31[295,41
FEATURES(2) [30,61[211,41
FEBRUARY(I) [215,51
FED(1) [115,131
FEEL(19) [3,11[65,171[73,111 [73,
191 [76,221 [78,41[78,61 [78,111 [
85,211186,41 [86,71186,81 [91,17
[128,151 [176,61[176,71 [190,51 [
191,71 [273,241

FEELING(ll) [8,181[76,201 [77,11 [
77,181 [77,191[77,201 [78,131 [14
8,51 [148,151 [243,131 [301,61
FEELINGS(2) [81,11[313,31
FEELS(3) [75,21[79,11[148,161
FEET(2) [6,11[221,251
FELL(4) [11O,3I [221,141 [244,241 [
245,141
FELLOU(2) [12,171[14,21
FELLOWS(2) [12,1BI [15,171
FELT(12) [38,111[77,171 [144,21 [1
85,121 [200,231 [201,191 [215,201
[244,131 [258,201[271,121 [271,1
31 [271,161
FEMALES(1) [231,231
FERE(1)[1O,23I
FERROUS(1) [10,231
FETUSES(1) [14,71
FEW(7) [16,21 [86,251[133,16] [162
,121 [210,91 [225,81[308,251

FEWER(4) [142,11 [204,1] [213,71 [2
42,1]
FIBRosIS(3) [328,6) [328,81 [328,1
5]
FICROBE(l) [23,172
FIELD (9)[131 ,141 [274,11 [274,61 [
274,91 [279,41 [308,251 [309,131 [
314,131 [336,191
FIELDS(1) [105,18I
FIFTEEN(1) [252,131
FIFTH(2) [219,131 [219,151
FIGHTING(l )[267,1OJ
FIGURE(4) [83,141 [131,241 [272,21
[339,81 - -

FILEO(2) [149,151 [334,251
FILES(I) [326.171
FILING(1) [326,141
FILLED (1)[142,211
FILTRATED(1) [22,151
FINAL(4) [217,231 [238,231 [242,25
[243,101

FINALLY(8) [19,131 [46,221 [51,201
[55.61 [181.141 [182,241 [183,101
[213,81 - -

FINANC1AL(2) [2.121 [2,181
FIND(19)[i3;61 k37;24j [56,171 [68
,18] [93,51 [112,131 [118,131 [139
,211 [150,11] [172,251 [174,51 [21
8,181 [238,81 [268,121 [298,71 [30
1,241 [321,91 [325;111 [338,251
F1NDING(5) [136,71 [157,251 [201,6
[205,241 [302,171

FINDINGS(4) [55,81 [246,231 [247,2
51 [305,31
FINDLAY(l) [128,41
FINE(9) [86,201 [145,81 [218,221 [3
02,231 [303,2] [310;61 [315;11 [31
5,10] [321,31
F[NISH(2) [i96,111 [261,41
F1o(2)[I4,25I [36,121
FI02(13) [96,8] [96,201 [209,171 [2
10,61 [211,16] [228,71 [229,91 [22
9,241 [230,21 [230,221 [234,151 [2
36,161 [238,191 “
FIRM(3) [2.181 [274.111 [301,51
FlRMs(l)[2,1il “ ‘
F1RsT(79) [6,61[6,161 [11,211 [14,
201 [15,71 [15,81 [16,21 [17,241 [2
0,7] [22,61 [30,73 [31,71 [35,61 [4
8,6I [49,121 [49,20] [78,91 [84,17
[92,151 [94,81 [94,91 [119,181 [12
8,6I [~40,211 [147,21 [147,171 [15
7.211 [159.181 [166,251 [167,191 [
186,231 [157,11 [207,211 [210,51 [
210,191 [210,231 [211,151 [212,1)
[212,51 [212,221 [212,241 [213,14
[213;201 [214,41 [216;161 [217;21
[217,81 [217,151 [217,191 [219,81
[221,111 [221,241 [222,111 [224,5
[225,71 [226,11 [229,231 [231,21 [
231,111 [249,71 [252,81 [252,91 [2
52,161 [258,91 [258,231 [258,241 [
268,231 [270,91 [271,121 [2i3,211
[278,91 [282,101 [295,10I [299,21
[299,111 [300,21 [327,21 [328,21 [
329,31
FIT(3) [35,2OI[64,1OI[311,7I
FIVE(24) [3,11] [18,241 [18,241 [94
,17] [115,231 [116,11 [117,211 [11
9,251 [123,21 [163,173 [183,161 [1
83,181 [183,221 [183,231 [191,171
[191,181 [192,171 [257,171 [270,5
[285,191 [286,41 [286,81 [307,61 [
337,221
FIXED(1)[1D8,91
FLARING(1) [32O,1OI

FLAT(7) [122,91 [284,17’31285,11[;
85,31 [285,61 [286,11 [2B6,121
FLAUS(l )[303,171
FLECAINIDE(l )[80,201
FLDOOING(l) [21,21
FLORIDA(2) [275,241 [276,21]
FLORIDA’S(1) [287,181
FLow(29)[1O8,8I [116,51 [116,211
137,13][137,141 [!37,151 [137,1;
[138,31[138,1OI [138,151 [139,21
[142,141 [142,151 [184,91 [184,1:
[184,211 [184,241 [227,11[227,51
[227;91 [227,i01 [229,251 [237;2
[237,231 [237,25I [238,21[239,1[
[239,191 [330,9)

FLUIO(7) [34,201 [34,221 [54,141[:
4,171 [84,251 [103,2) [104,201
FOCAL(1) [68,131
FOCUS(10)[59,4I [59,51[59,73[62,
24I 1101,4] [115,15] [248,2][276,
41 [297,21 [330,251
FOCUS1NG(2)[160,151 [172,191
FOLK(1) [16,9]
FOLKS(3) [296,173 [297,201[330,21
FOLLOW(28) [38,24] [91,20][148,24
[149,171 [150,131 [166,241 [175,1
7] [179,231 [192,211 [192,221[192
,11[193,41 [203,211 [224,9][247,
10][247,12] [248,!3][253,16)[25
5,181 [256,201 [266,121 [272.191I
298,6] [330,121 [330,231 [33i,61[
331.151 [332.31
FOLLOU-UP(4)1123,201 [123,22][12
5,111 [132,111
FOLLOUEO(4) [44,24] [180,71[272,1
91 [273.91
FO~LOWING(l O) [1,231 [50,91[55,61
[56,81[72,71 [72,161 [157,211[15
9,14] [244,71 [321,11
FORAHEN(I1 )[44,61198,101 [98,151
[98,191 [98,231 [99,11[99,111 [95
,221 [101,21] [105,221 [114,141

FOREMAN (5)[1OO,2OI [100,24][101,
181 [104,16] [105,15]

FORGET(3) [20,11 [285,141 [289,41
FORGIVE(1) [278,221
FORM(8) [47,17] [61,41[70,7][72,2
0] [173,17] [173,171 [210,3][338,
F:;ML(2) [335 ,,[339 ,51

FORMALLY(2) [1~0,61 [1~9,24]
FORMATION(3) [48,161 [48,231 [49,3
FORMED(1) [302,14]
FORMERLY(1) [243,191
FORMS(3) [47,121 [119,19] [241,111
FORMULARY(I )[13,91
FORTUNATE (1) [276,181
FORTY(3) [128,71 [152,201 [270,81
FORUMS(1) [254,151
FORUARD(21) [59,141 [61,211 [152,1
6] [152,221 [171,18] [256,1][256,
2] [261,6] [268,7] [304,81[305,15
[316,71 [317,81 [317,211 [325,211
[326,21 [326,101 [326,121 [327,13
[328,251 [329,121

FOSTER(1) [338,71
FOUL-UPS(1) [199,101
FOUND(23) [3,121 [12,11[38,231[35
,121 [40,41 [40,81 [40,191[50,11I
55,161 [92,241 [102,1] [187,161 [2
11;31 [218;7) [218,23] [231;12] [2
35,221 [246,231 [274,5] [274,81[2
76,22] [279,231 [336,101
FWNDATION( 1)[328.81
FOUR(23) [3i,31 [39;14] [39,171[40
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,20] [151,71 [151,91 [163,17] [181
221 [192,51 [193,121 [210,251 [2’

.+’ [223,71 [244,71 [245,131 [21
‘:252,111 [263,221 [286,241 I
.jl[291,231 [3i4,61 [322,201

‘6LIRTH(3)[219,131 [219,141 [285,1
01

“RACTION(7) [18,221 [23,161 [23,2’
[95.251 [98,31[138.41 [153,171
‘tili(l)[14$,131-
TLAJ4E(2)[81,161 [339,111
‘RANCE(2) [36,161 [92,51
‘RANCISCO(l)[229,11
‘FL4NKLY(1)[257,21
‘REE(l)[7,131
‘REEOCM(2) [2,81[335,151
‘REEMAN’s(l )[52,201
‘RENCH(9) [13,131 [28,231 [31,21 [:
5.172 [39,3] [59,173 [60,221 [61,1
[ti,ln - -
‘REWENCY(63) [16.171 [34,41 [34,1
01[41,81 [48,81 [56,121 [107,101 I
107,211 [107,231 [108,161 [108,2f
[109,141 [110,131 [111,91 [112,1’
[112,181 [113,51 [114,11 [114,31 I
116,31 [116,41 [118,181 [119,21 [1
23,73 [125,201 [129,51 [129,121 [’
35,81 [143,241 [148,201 [148,221 I
181,141 [181,221 [181,231 [181,2:
[186,111 [186,181 [186,211 [191,1
[199,73 [199,141 [200,51 [200,111
[203,221 [209,191 [209,211 [209,i
31 [213,181 [213,231 [222,61 [223,
81 [223,81 [223,111 [229,111 [242,
9] [244,161 [244,21] [246,51 [250,
172 [252,14] [252,241 [279,9] [27$
&l

‘ENT(3)[21,111 [34,15] [244,:

.ENTiY(6)[28,3] [106,21] [14;
,7I [173,191 [200,71 [303,231
‘RESH(l)[330,161
‘RoNT(l)[28,211
“RUSTRATION(1 )[313,72
VLL(8) [15,181 [83,173 [101,211 [1
26,151 [180,181 [188,41 [188,151 I
229,31
%JLL-(1)[243,241
‘ULL-TERM(2) [226,177 [226,211
‘ULLY(1)[235,91
kIN(l)[162,41
‘uNcTIoN(11)[21,151 [23,141 [23,2
01 [25,201 [37,20] [53,201 [67,201
[72,161 [119,111 [168,51 [322,141
“uNcTIONAL(2) [14,191 [99,18]
‘UNCTIONALLY(1)[99,81
‘FUNCTIONING [267,61 [267,91
‘UNCTIONS(2) [18,151 [35,161
‘UNNY(l)[15,191
‘URTHER(48) [1,111 [10,101 [35,131
[58,241 [61,201 [62,141 [118,221 I
154,19] [179,22] [190,10] [200,24
[205,31 [205,51 [224,1111224,171
[224,191 [225,41 [250,41 [264,231
[265,121 [297,31 [297,10] [297,24
[298,111 [298,221 [298,241 [299,i
21 [300,51 [300,8] [300,11] [303,t
[303,201 [306,41 [306,111 [306,II!
t306,181 [307,21] [308,14] [308,1
8] [313,201 [316,171 [317,121 [317
~<01 [317,24] [318,4] [326,8] [326

‘1 [329,111
ERMoRE(5) [23,13] [26,4] [58,

.============..= =’==== ======= ===

G G c
======= ======= .============= ==:
GAIN(1) [290,251
GAINEO(l) [268,251
GAMMA INTERFEURON( 1)[3,131
GAS(62) [6,161 [11,181 [14,151 [18,
21] [21,61 [27,211[36,241 [37,41 I
44,7I [70,21 [117,21 [119,11 [119,
5] [119,81 [141,71[179,161 [182,5
[182,111 [182,191 [182,201 [182,2
31 [182,251 [183,11 [183,51 [183,6
[183,91 [183,171 [183,201 [183,22
[184,11 [186,231 [186,241 [187,11
[187,51 [187,251 [188,71 1188,91 I
188,12] [188,161 [188,191 [188,23
[190,31 [190,141 [190,241 [192,91
[192,161 [194,161 [195,41 C209,51
[229,251 [230,11[230,11 [230,51 I
230,61 [230,81 [230,101 [231,101 [
232,31 [232,71 [258,231 [270,251 [
280,61
GASES(2) [180,101 [186,251
GATHER(1) [240,111
GATHERED(1) [28,21
GATHERING( 1)[73,111
GAUGED(1) [258,151
GAULOISES(3) [13,131 [13,151 [13,1
51
GAVE(ll) [12,91[12,91 [12,101 [15,
2] [15,81 [17,51[52,231 [53,91 [92
,141 [108,201 [258,191

GENERAL [1,71[1,101 [7,71 [74,
31 [84,181 [86,51196,171 [105,11 [
148,15] [181,21[181,61 [190,81 [2
26,141 [228,1][262,6) [262,81 [29
3.2] [334.81[338,151
GENERAL ISTS(I) [152,51
GENERALLY(9) [6,141 [87,201 [96,19
[136,71 [149,231 1155,2] [252,7] I
258,21 [337,111
GENERATE(4) [269,41[269,61 [269,6
[269,111

GENERATED(4) [51,121 [228,151 [271
,211 [277,251

GENERATION(2) [47,231 [52,251
GENERIC(1) [253,81
GENERICALLY(1) [163,41
GENERCXJS(2)[131,241 [132,71
GENTLEMAN(1) [287,181
GEORGETOUN(l )[18,171
tERLOCKrS(l) [18,111
GESTATION( 1)[111,191
GESTATIONAL(7) [104,11 [122,221 [1
80.151 [185.151 [208.181 [210,151
[231,221 - - -

GETS(13) [13,161 [67.141 [94.121 [9
8,111 [i14,i9] [137;81 [159;20) [2
05,141 [252,7j [294,171 [309,5] [3
24,171 [337,151
:ETTING(34) [5,141[5,25] [63,101 [
63,121 [67,6] [71,71[71,9] [79,22
[111,81 [158,161 [167,11 [176,231
[178,41 [198,171 [203,101 [206,10
[252,61 [252.211 [260,41 [273,51 [
275,51 [275,i31 [280,231 [280;241
[281,111 [292,71[319,72 [322,71 [
330,51 [331,161 [335,!81 [339,21 [
339;41 [339;61 - “
:1(4) [63,111 [64,81[86,191 [192,7
:IRL(l) [18,3]
:IST(I) [144,21
:IVE(24) [4,191[9,241 [23,5] [23,1
11[24,6] [35,181[50,21 [61,61 [84
,71[120.61 [129,101 [140,191 [143
;251 [lti,231 [lti,241 [200,21] [2

07,71 [224,21] [225,16] [263,15] I
266,41 [266,8] [279,1][323,201
GIVEN(22) [6,9][20,14][35,91 [49,
13] [58,2] [112,2] [128,71 [136,71
[163,111 [164,51 [170,73 [181,131
[235,171 [243,41 [243,511257,101
[270.31 [271.171[281.241 [323.1(
[329;81[334;201 - -- “

GIVES(4) [57,6][96,101 [125,201 [Z
66,151
G1v1NG(14)[1O,13I [5?,11 [51,2?1 I
52,4I [57,61[110,11] [163,17Y [17
0.22] [173,81 [178,3][214,211 [2f
8;72 [278,i21 [319;191
GLAD(2) [74,31 [87,31
GLOBAL(4) [86,71[168,61 [320,151 I
322,251

GLOBE(1) [124,171
GLOCKER(l )[50,21
GLUTATHIONE(2) [52,171 [54,31
GLYCOCYTE(l )[323,21
GMP(2)[8,91 [45,51
GNP(1) [8,51
GOAL(8) [58,131 [59,81[108,161 [11
7,121 [117,171 [133,61[174,51 [2t
9;23] - -
GOALS(4) [58,161 [69,71[76,191 [24
1,21]

Gti(2)[6,121 [14,141
GoES(ll) [13,161[18,61 [18,231 [72
,20] [82,11] [137,4][174,251 [237
.51 [280.72 [289.211[289,211

GOLOSMITi( ll)[135,141 [150,181 [1
52,81 [163,121 [240,231[252,31 [2
55,72 [261,211 [261,251 [262,111 [
262,181

GoNE(7) [12,91[12,111 [126,141 [12
6,15] [187,14] [261,101 [336,241
GDOD(65) [15,221[17,8][17,171 [28
,15] [39,15] [40,12][63,81 [63,17
[65,24] [67,18] [67,21][69,17] [7
1,51 [71,251 [74,201 [76,201 [76,2
21 [77,11 [77,181[77,191 [77,201 [
78,61 [78,131 [85,211[86,41 [87,2
41 [94,141 [94,161[118,101 [136,9
[140,fi [141,241 [143,11[147,81 t
147.111 [161,101 [161,221 [162.10
[167,23] [168,10] [166,14] [168,1
91 [173,41 [175,101[178,191 [203,
251 [203,251 [205,141 [206,81 [225
,23I [289,71 [31O,17I [312,141 [31
5,41 [315,51 [320,11[320,81 [320,
121 [326,241 [327,111 [330,161 [33
2,231 [334,11[334,81[337;131
GOTTEN(4) [14,141 [173.181 [252,14
[336,61 - - -

GOVERNMENT (1)[328,121
GRABOYS(6) [295,191 [297,61 [297,1
2] [297,171 [325,91[325,161
GRACE(1) [4,241
GRACIOUS(1) [28,231
GRADE(1) [192,51
GRANDMOTHER(1)[13,31
GRANTED(3) [2,61[80,111 [338,141
GRANTING(1) [337,61
GRANULARITY(1) [104,31
GRAVELY(1) [5,71
GREAT (11)[13,41 [57,251 [71,61 [78
,24I [81,41[IZ3,201 [261,91 [278,
61 [287,23] [293,81[326,41
GREATER [37,73[37,173 [40,211
[41,5] [41,13][79,9][96,20] [113
,18) [122,221 [122,231 [122,25] [1
28,251 [132,11 [136,231 [165,81 [1
80,91 [180.91 [180.151 [180.161 [1
81;8] [182;21 [182;101 [185;201 [1

86,25] [187,81 [187,211 [188,51 [
90,131 [206,121 [206.131 [209.17
[230,41 [230,111 [230,131 [230,2~
[2~6,201

GREECE(1) [319,221
GRINES(10)[91,11I [237,2] [237,11
[238,81 [238,23I [239,61 [239,101
[286,141 [292,201 [325,171

GRIPS(1) [291,31
GROIN(1) [163,61
GROUND(2) [30,251 [68,111
GRWNDS(2) [89,71[195,181
GRWP(145) [32,191[32,191 [33.191
[33,231 [33,251 [34,51[34,61[34,
81 [34.173 [35,2][36.91[36.91 [3(
,211 [37,73 [37,81[3i,iol [37;11]
[37,18] [38,21 [39,3][40,21] [41,
5] [41,101 [41,141149,241 [50,181
[50,18] [53,14] [59,181[59,20] [i
3,191 [82,111 [112,241[114,5] [11
7,111 [121,81 [?24,61[126,18] [12
6,21] [126,231 [127,231 [129,161 I
131,111 [131,251 [134,71[134,71 I
135,2] [135,121 [135,181 [135,221
[136,81 [136,171 [178,251 [179,31
[179,4] [179,71 [179,81 [179,111 I
185,12] [185,131 [186,121 [187,61
[187,71 [189,71 [189,81[189,91 [1
89,10] [189,151 [189,15] [189,17’2
[189,181 [189,25) [190,16] [190,1
81 [190,201 [190,211 [191,12] [191
,131 [191,14] [191,17][191,18] [1
91,201 [192,251 [192,251 [193,221
[193,251 [193,25] [195,21 [210,14
[21O,22I [211,13] [211,171 [212,1
31 [212,141 [213,11[213,1] [214,1
[214,21 [214,81 [214,131 [214,151
[215;31 [216;231 [216,241 [216,21
[218,51 [218,172 [220,161 [220,17
[222,1] [222,19] [223,10] [225,12
[226,8] [232,10] [232,11] [232,15
[233,31 [233,51 [234,211 [235,21 I
236,181 [241,161 [245,191 [248,22
[248,231 [248,241[249,141 [264,2
[268,8~ [269,141[280,51 [280,71 [
283,71 [288,71 [288,81[288,141 [2
95,201 [295,201 [295,231 [310,221
[318,171 [321,1] [329,171 [332,17

GRWPI’S(1)[I04,81
GRWPS(36) [16,151 [33,171[36,201
[37,21 [37,51 [40,51[40,161 [56,6
[124,51 [127,121 (131,81 [154,81[
183,41 [185,161 [186,3] [187,21[1
89,201 [200,91 [211,121 [212,131 [
214,3] [214,251 [215,231 [220,201
[222,111 [222,16] [232,18] [232,2
41 [245,31 [246,51[247,181 [283,1
51 [288,121 [304,181 [320,141 [328
,111

GROW(1) [125,81
GROWTH(2) [51,141 [57,151
GUANAYLATE(4) [8,51[9,11[10,31 [1
5,151

GUARANTEE(1) [281,111
GUARANTEES(1) [83,191
GUARDIAN(l )[180,131
GUESS(54) [6,141[60,19][64,61 [64
,151 [81,4] [88,9][89,1][89,231 I
91,101 [93,131 [137,161 [138,51 [1
45,1] [155,191 [159,15] [161,111 I
162,151 [164,221 [165,?21 [169,12
[174,181 [174,191 [203,241 [205,1
01 [221,13] [254,181[255,161 [256
,1] [256,5] [265,9][273,20] [282,
161 [284,161 [286,161 [287.61 [301
,51 [301;61[301,61 [304,8i [304,1

.188,141 [190,2]
FuJURE(6)[16,5] [59,12] [64,191 [1
58,13] [166,10] [253,2]
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4] [305,71 [305,181 [306,11 [308,i
21 [312,61 [313,161 [313,221 [313,
?“ ‘T16,201[319,61 [321,121 [32’

“26,61 [338,121
.E(3)[1,111 [152,61 [166,1(

iuJuc(l) [307,211
XIIDED(l) [338,61
XJIDELINE(2) [334,161 [340,111
NJIDELINES (6) [38,221 [38,24] [18’
,21 [181,73 [197,173 [201,101
WIDING(l)[ 333,91
XIIDOT(l) [24,181
xJILTY(l)[2n,241
;uITERREz(1) [24,211
XJN(1)[52,7Y
XIY(l)[76,121
:======.============ ======= .==:
{ H t
:===================== ------------------

{ALF(15)[9,51 [11,131 [13,251 [14,
211 [16,151 [31,241 [89,91 [153,61
[178,151 [192,161 [229,81 [233,1!
[250,131 [264,191 [341,1OI
{ALLMARKS( 1)[211 ,11
{ALT(1)[244,251
{ALTED(2) [247,21 [250,121
{AMMER(1)[252,171
{AMPERED(1)[73,181
{AND(4) [25,11] [50,71 [270,6] [27(
,111
iANDCUFF1NG(2) [80,51 [80,151
iANDICAPPED[2) [Z5,211 [124,31
lANDICAPS(l)[~,l]
{ANDLE(2) [10,251 [274,251
{ANDLED(l)[56,211
{ANDS(5) [25.101 [83.171 [268.51 [:
23,211 [334;221 - -
‘“ “-N(7) [62,221 [65,21 [65,91[l~

‘160,31[314,21 [339,25]
,ED(6)[16.41 [196,131 [197,:

lJL~ol#i] tio3; li][20i,2] -

[APPENDING [67,17] [154,171 [184
,141
IAPPENS(7) [74,14] [125,25] [144,1
5] [196,231 [200,6] [271,241 [332,
16]
IAPPY(4)[12,14] [200,181 [240,111
[302.21
{ARD(i2) [3,19] [17,14] [19,25] [61
,241 [85,231 [87,81 [101,131 [112,
13] [225.251 [249.8] [256,91 [312,
201 - - - -
IARDER(5) [67,10] [67,141 [75,171 I
226,51 [288,121
IARDLY(I) [341,111
IARM(2)[154,221 [253,24]
IARMFUL(l)[329,221
IARHING(2) [80,22] [216,211
IARVARD(l)[219,231
IASNIT(2) [274,4] [278,231
IASTEN(1)[300,141
lAT(3)[276,17j [311,181 [311,181
IATE(2)[326,231 [327.111
IAVING(30) [16,191 [56,231 [61,161
[64,251 [69,41 [70,231 [~,181 [~
,81 [101,22] [107,14] [108,20] [12
1,22] [140,8] [147,5] [161,25] [lt
3,6I [165,8) [168,173 [177,3] [19C
,31 [224,231 [227,31 [230,13] [281
,191 [299,51 [309,201 [312,161 [31
4,6] [314,81 [330,4]
“=~RDous(l)[ 143,191

2)[81,11 [172,241

HEADING(2)[16;201 [197,21

HEALTH(3) [23,181[328,41 [328,131
HEALTHY(2) [124.71 [133.61
HEAR(ll) [i4,23j [56,21i56,101 [8C
,4I[117,11 [150,22][161,181[165
,13] [293,171 [304,231 [324,101

HEARD (36) [45,221 [51,91[75,1] [91
,101 [94.51 [134,51 [139,251 [140.
i][140,6] [158,31 [175,81 [176,17
[178,51 [250,71 [250,101 [251,11 I
253.171 [255.111 [263,231 [283,13
[296,111 [29i,161 [29i,251 [293,1
51 [294,21 [305,121 [309,31 [309,3
[31Z,lll [332,181 [332,25] [334,1
4] [338,241 [339,211 [339,251 [340
,4]

IiEARING(12)[32,121 [48,111 [80,25
[165,11 [174,201 [176,111 [178,91
[236,11[248,31 [248,41 [248,161 I
268,131
Hearings [4,201[243,41
HEART(31) [19,151 [21,151[23,41 [2
5,15] [25,161 [57,61[65,51 [65,51
[66,211 [68,31 [68,61[91,161 [91,
16][91,181 [131,11 [139,il [151,2
51 [152.21 1152.41 [167,161 [178.1
[180,17] [208,201 [210;101 [229;1
31 [241,111 [258,71[259,31 [290,2
31 [290,241 [329,151
HEARTS(1) [267,241
HEAT(1) [219,221
HEDDER(5) [198,21 [198,41[198,181
[198,211 [199,221

HELD(2) [4,91 [250,101
HELP(ll) [12,141 [73,161 [92,211 [9
2,25] [93,51 [97,121[107,111 [118
,6I [119,111 [147,173 [260,25]

HELPED(3) [126,181 [133,251 [212,1
61
HELPFUL(4) [9,23][118,24] [156,23
[335,201

HELPS(3) [108,2] [144,231 [307,211
HEME(5) [8,251 [10,211[10,221 [10,
23] [10,231
HEME-cONTAINING( 1)[8,251
HEMILUMINESCENCE( 1)[184,191
HEMOOYNAMIC(5) [54,231[55,91 [57,
14] [237’,3][240,15]

HEMODYNAMICS(2) [57,41[257,211
HEMOFILTRATION( 1)134,211
HEMoGLOBIN(9) [1O,17I [19,21[30,1
01 [40,19] [45,81[48,31[48,9] [11
7,15] [234,11]
HEMORRHAGE [43,61[43,7)[43,1
4] [43,17] [56,21[56,41 [122,101 [
127,121 [192,51[192,71 [192,7] [2
10,3] [211,91
HEMORRHAGES(1) [212,16]
HEMOSTASIS( 1)[19,71
HEPATITIS(l )[125,151
HERBERT(1) [18,1OI
HERNIA(20) [56,111[97,101 [102,10
[105,11 [105,111 [107,221 [120,17
[lZO,Z1l1121,91[121,13][121,24
[122,51[122,61[130,221[130,251
[131,61[136,101[180,61[208,201
[229,121

HERNIAS(1) [135,111 ‘“”
HERNIATION(I )[1O5,3I
HETEROGENECUS(l )[17,181
HIDDEN(1)[279,61
41FB(l) [241,141
i1GH(90) [16,171[20,221 [20,22] [2
2,21] [22,231 [26,2flI[48,7][49,1
9] [51,6] [51,21][56,121 [58,1] [7
3,18] [96,12] [99,241[100,61 [101
,23] [103;10][10~,201 [105,81[10

7,101 [107,201 [107,221 [108,91 [’
08,15] [108.24] [109,141 [110,131
tlil,91 c112,111 [112,181 [113,41
[114,1] [114,3] [116,31 [116,41 [:
18,18] [119,2] [123,71 [129,51 [li
9,12] [135,81 [137,11 [143,231 [1/
4,9] [148,20] [148,22] [173,18] [1
81,141 [181,22] [181,221 [181,231
[186,17] [186,20] [191,41 [198,?;
[198,22] [199,14] [200,5] [200,11
[208;171 [209;f91 [209;211 [209,:
31 [213,18] [213,231 [217,11 [222,
61 [223,8] [223,81[223,111 [226,(
[229,111 [234,i81 [237;121 [242;t
[244,161 [244,211 [246,191 [250,1
71 [251,221 [252,11[252,141 [252,
231 [279,9] [279,191 [292,221 [29?
,23I [297,211 [325,14]

HIGHER(26) [4,41[14,181 [21,231 [:
2,111 [33,21 [34,41 [34,101 [37,41
[40,231 [41,31 [81,211 [93,21[112
,111 [113,231 [155,171 [182,191 [1
82,221 [182,22) [188,81 [188,171 1
188,19] [216,21] [216,231 [247,11
[250,1DI [251,131

HIGHEsT(l)[48;131
HIGHLAND (1)[103,22I
HIGHLIGHT(l )[232,51
HIGHLY(6) [7,151[129,221 [189,111
[189,1611275,41 [316,22)

HIMSELF(3) [12,191 [13,111 [13,111
HINDSIGHT( 1)[337,11
HINGED(1) [92,131
HINTED (1)[270,16]
HIRED(1) c243,191
HISTOLOGIC(I )[1O3,18I
HISTORICAL (1)[155,151
HISTORY(8) [17,51[70,11 [70,161 [7
0,211 [70,251 [86,241 [144,161 [33
5,241
HIT(l) [155,51
HIV(1) [125,151
HOC(7) [40,91 [73,231[127,191 [135
,11[235,161 [235,241 [245,221

HOLD(9) [140,71 [141,191 [267,211 [
268,72 [274;111 [27i,141 [274,171
[274,211 [275,111

HOLDERS(6) [205,181 [268,31 [269,1
31 [272,221 [330,111 [338,161
HOLD ING(6) [16,211 [172,21 [254,61
[256,21 [312,111 [312,121

HOME(7) [9,181[12,18][13,31 [193,
231 [211,91 [272.51[321,51

HOMED(1) [307,41” -
HOMOGENEOUS( 1)[97,61
HONEST (1)[218,161
HOOKED (1)[311 ,61
HOPE(4) [44.201 [239.141 [269.251 [
307;151 - - -
HOPED(3) [1O,1OI [10,161 [187,201
HOPEFULLY(3) [47,211 [253,11[282,
51
HOPES(1) [204,131
HOPING(l) [136,111
HORIZONTAL(1) [264,41
HORRIBLE(5) [62,2!I [138,81 [162,2
[162,51 [177,201

HOSPITAL(34) [7,71[28,191 [74,51 [
74,71 [74,141 [74,151 [75,91 [75,1
41 [75,191 [76,11[78,121 [90,251 [
95,21 [128,121 [142,121 [170,161 [
178,211 [179,171 [207,171 [208,71
[210,21 [215,121 [215,131 [215,13
[215,151 [226,141 [228,21 [252,81
[252.101 [259.231 [262.61 [262.81

HoSPITALIZAT ION(n) [65,41[65,5:
[74,111 [191.231 [193.161 [193.11
[204,181 [23~,251 [2%,51 [290;2
[290,241

HOSPITALS(8) [151,71 [151,91 [151,
111 [151,15] [2528111 [252,16] [3’
1,24I [322,191

HOST(1) [115,191
HoUR(7) [9,221 [15,31 t15,61 [178,’
61 [209,151 [229,81 [258,51
HOURLY(1) [209,121
HOURS(42) [3,111 [9,21] [15,191 [3’
,173 [39,141 [39,171 [50,111 [113,
21 [120,171 [120,181 [128,6] [145,
131 [150,91 [180,121 [183,9] [185(
191 [185,201 [185,211 [187,4] [20!
,12] [209,131 [210,5] [212;1] [21Z
,41 [212,5] [212,131 [212,14] [21:
,241 [244,4] [245,3] [245,13] [25;
,91 [258,3] [258,4] [259,9] [259,$
[281,141 [296,7] [300,231 [303,11
[312;191 [324,61 -

HOUSE(1) [7,241
HOUSTON(1) [28,171
HOVER(1) [222,21
ioWEVER(29) [3,51[32,121 [33,181 I
42,3] [44,3] [46,16] [50,12] [51,1
61 [52,231 [55,151 [55,221 [57,191
[98,71 [172,141 [173,131 [181,11 I
181,21] [182,21] [190,19] [211,14
[213,31 [214,111 [232,191 [235,2[
[246,161 [246,251 [247,61 [264,1]
[280,21

WGE(1)C306,191
HUMAN(4) [12,24) [24,251 [142,241 I
143,11
HUMANS(2) [12,21 [13,201
KINDREDS(2) [8,151 [8,151
HUNT(1) [328,141
WRRY(I )[199,91
WRT(l) [125,81
luJRTs(l)[154,171
*YDROPERIOXIDE( 1)[24,17I
IYPER(l)[13,161
JYPERCARBIA( 1)[101,8J
iYPEROXIA(5) [43,201 [44,18] [47,1
71 [52.211 [53.31
dYPERPiASIA(4) [180,5] [186,21 [22
9,13] [241,111
iYPERTENS10N(68) [6,8][16,251 [17
,71 [19,61 [43,111 [44,51 [47,81[5
6,81 [88,241 [89,221 [95,41[95,81
[95,16] [95,171 [95,20] [99,131 [$
9,14] [99,161 [100,41 [100,11] [IC
0,12] [100,18] [103,191 [104,141 [
104,211 [104,241 [105,81 [106,141
[108,1OI [109,7I [109,111 [110,17
[111,141 [136,22] [145,12] [151,1
61 [151,18] [156,7] [156,91 [156,1
11 [156,181 [157,51 [180,21 [185,2
4] [208,23] [209,2] [210,20] [213,
91 [226,171 [229,4] [229,14] [242,
171 [244,11 [257,181 [258,151 [25.!
,211 [259,5] [259,71 [259,8] [260,
111 [260,151 [278,10] [278,131 [2?
2,181 [283,101 [283,11] [310,241 I
340,121
4YPERTENSIONS(3) [283,24] [283,25
[284,11

4YPERTENSIVE(2) [89,41 [89,61
iYPERVENTILATED(l )[208,131
iYPERVENTI LAT10N(2) [43,20] [170,
161
iYPOPLASIA(7) [95,121 [97,81 [102,
101 [104,171 [105,61 [106,181 [131
??
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HYm_HEsEs(l )[179,131
}= ‘ES IS(6) [61,141 [179,51 [22C

!20,241 [228,161 [323,181
h. .IESIZED(l)[52,231
HYPOXEMIA(26) [16,2~1 [20,201 [42,
241 [43,181 [44,71 [91,241 [95,211
[95,241 [97,151 [97,171 [98,131 [5
9,121 [99,221 [100,191 [100,251 [1
04,141 [105,201 [105,231 [108,IOI
[109,51 [114,72 [119,173 [229,72 I
229,181 [232,61 [239,151

HYPOXEMI C(10) [42,221 [95,31 [95,6
[97,1] [98,51 [102,7I [110,231 [11
4,10] [132,241 [260,141
HYPOXIA(5) [19,221 [19,241 [47,131
[136.51 [227.81

Hypoxia [i2,241 [13,111 [36,18
c106,25I [132,51 [180,11 [190,71 [
194,31 [227,161 [284,61 [288,181 [
292,21 [292,181 [298,31 [306,51 [3
06,131 [315,221

======== ======= ======= ======== :
I I I
.------ .-===.==.======.=======:---------

I’LL(I2)[7,11I [30,131 [33,241 [45
,111 [47,51 [47,201 [95,211 [115,6
[115,151 [123,21] [124,161 [137,9

I.E.(1) [161,1OI
IATROGENIC(2) [22,201 [26,91
ICU(ll) [62,1OI[63,12I [64,221 [64
,221 [65,11 [71,172 [72,11] [74,14
[75,201 [90,251 [151,121

IDEA(15) [65,241 [69,131 [87,11 [92
,231 [94,161 [140,71 [140,191 [141
,251 [144,51 [147,81 [147,111 [161
~l_[174,12] [206,81 [261,51
_——

‘-’1)[68,11
Y(1) [328,151

.(3)[46,41 [330,151 [330,161
identical [175,161 [216,21 [237
,171 [243,231 [315,241

IDENTIFIABLE(l )C87,61
IDENTIFIEO(4) [41,211 [134,151 [19
0,31 [210,81
IDENTIFY(6) [37,141 [88,191 [118,3
[118,7’3[164,161 [164,231

IDENTIFYING(l )[129,81
IDIoPATH1C(5) [95,161 [1.00,171[10
2,121 [105,131 [210,191
IFS(1) [256.141
IGNORANCE(i) [41,241
IGNORE(1) [1O1,5I
11(1) [38,61
ILEANA( 10) [299,251 [300,21 [300,5
[301,61 [306,101 [306,231 [309,18
t310,141 [310,161 [324,111

ILL(15) [29,221 [111,201 [115,201[
116,151 [127,71 [150,151 [164,151
[19~,31 [199;81 [245;71 [296,41 [2
96,41 [296,172 [297,201 [304,71
ILLNESS(1) [204,1OI
ILLNESSES(2) [118,21 [140,171
[ILLUSTRATE [43,121 [51,41
ILLUSTRATES(2) [44,141 [48,61
[MAGE(l) [6,121
[)IL4GINE(4)[121,131 [123,10] [154,
81 [338,15]
[BALANCE [97,21] [123,11] [136
.101
[~Ei~l) [265,61
‘I ATE(1) [2,31

ATELY(4) [11,9] [152,19] [20
-J[21O,7I

[t44uNE(2)c320,71[320,91
[MWNIZAT1ONS(l )[l18,10]

lMPAcT(ll)[2,31 [29,71 [29,191 [3[
,31 [30,91[30,91[72,231 [84,211 I
90,221 [201,171 [255,151
IMPACTED(1) [144,31
IMPACTS(I) [64,111
IMPAIR(2) [161,71 [267,81
IMPAIREO( 1)[267,71
IMPAIRMENT(3) [161,81 [248,101 [24
8,101
IMPAIRS(1) [162,211
IMPART(1) [241,181
IMPEOING(l )[339,231
IMPERFECTS(1) [80,121
IMPLANT (1)[72,211
IMPLANTATION(1) [72,161
IMPLEMENT(1) [177,141
iMPLEMENTAL 10N(1)[71,241
IMPLEMENTED(1) [176,231
IMPLICATION(2) [255,191 [255,251
IMPLICATIONS(5 )[2,41 [5,31 [63,18
[65,221 [148,251

IMPLIED(2) [69,241 [294,91
IMPLIES(1) [205,131
IMPONDERABLES(l )[267,151
IMPORTANCE [3,241[235,171
IMPORTANT(73) [1O,1OI [18,11 [22,1
21 [26,121[41,201 149,141 [55,251
[61,181 [65,101 [69,161 [76,41 [82
,31 [93,191[96,231 [98,61 [101,19
[103,61[106,191 [107,61 [109,41 [
113,211 [117,11 [117,161 [117,191
[118,11[120,51 [120,91 [12I,1OI [
123,10] [142,61 [142,211 [145,101
[147,181 [154,131 [158,131 [166,8
[171,31 [172,201 [174,181 [175,12
[175,181 [175,191 [176,51 [206,14
[208,51 [213,171 [218,161 [221,18
[228,131 [231,22] [232,21 [241,14
[243;141 [264;231 [266;171 [27i,2
31 [277,31 [279,1J [287,221 [296,8
[302,151 [304,161 [312,51 [314,51
[314,71 [320,131 [321,221 [324,10
[324,251 [327,51 [333,23 [334,31 [
335.171
IMPORTANTLY(5) [12,11 [91,11 [209,
18] [228,201 [231,131

IMPoSSIBLE(4) [35,81[79.181 [82.7
[132,161 “ ‘ -

IMPRESS(2) [120,71 [127,41
IMPRESSED(1) [63,251
IMPRESSION(2) [96,221 [265,161
IMPRESSIVE(I )[129,191
1MPROVE(17) [26,81[27,211 [44,23]
[57,221 [67,241 [69,41 [76,91 [100
,71 [117,41[119,111 [173,61 [268,
221 [276,91[276,101 [276,111 [284
,71[286,251

IMPROVE [24,231 [75,81 [131,12
[212,73 [212,231 [218,201 [264,21
[271,181

IMPROVEMENT (25)[23,191 [44,25I [5
3,31 [53,61 [69,151 [71,231 [85,10
[85,111 [108,181 [109,11 [110,141
[113,31 [113,101 [114,181 [118,17
[124,111 [130,6] [143,71 [208,1] [
216,31 [221,101 [221,141 [240,17]
[287,41 [315,31

[IMPROVEMENTS [189.41 [309.11
IMPROVES(9) [18,221 [42,21 [72,12]
[72,12][72,15] [119,11 [170,101 [
212,91 [257,71
[MPROV1NG(6) [21,141 [21,15] [79,3
[118,191 [119,91 [213,191

IMPRUDENT(1) [85,25]
INACTIVATE( 1)[I0,181

lNACTIVAT ION(3) [46,18] [46,211 [
02,171
INAOVERTENTLY(3) [85,171 [198,91
309,191
INAPPROPRIATE(5) [141,23] [201,2{
[285,251 [309,221 [314,91

1NASMUCH (1)[276,9]
INBORN(1) [236,14]
INCEPTION( 1)[88,181
INCIDENCE [26,201 [46,111 [56(
41 [65,15] [91,172 [91,181 [101,1!
[101,161 [102,11 [102,7I [104,11
179,181 [189,191 [189,211 [200,1!
[216,211 [216,231 [217,21 [217,~
[217,91 [221,101 [231,241 [233,21
[237,111 [242,11] [247,61 [257,1:
[258,121 [260,91 [301,191

INCIDENT (1)[214,141
INCISION(l )[158,211
JNCLUOE(6) [21,141 [75,11 [81,201 I
96,18] [184,9] [241,171
JNCLUDED(lO) [38,14I [73,191 [167,
231 [183,141 [192,201 [208,251 [2(
9,4] [215,111 [229,31 [305,21
1NcLUOES(5) [34,191 [34,201 [102,t
[195,21 [314,41

INCLUDING(13) [45,171 [95,101 [96,
191 [101,31 [107,201 [126,51 [146,
101 [170,7] [181,71 [228,25] [283,
4] [290,111 [314,241
1NCLUSION(2) [166,161 [179,241
INCONSEQUENTIAL(1) [257,91
INCORPORATE(1) [323,11
INCORPORATED(1) [321,231
INCORPORATES(1) [319,71
INCORRECT(1) [83,101
INCORRECTLY(2) [195,151 [195,201
INCREASE(63) [17,21 [18,191 [21,11
[22,91 [22,201 [23,151 [24,161 [25
,181 [25,21] [25,231 [31,221 [32,1
01 [33,101 [36,181 [39,91 [39,111 [
46,21] [55,73 [55,10] [65,3] [79,2
4] [81,171 [98,20] [99,19] [99,20]
[100,31 [106,11 [108,141 [113,51 [
121,14] [126,2] [132,19] [137,15]
[137,251 [141,51 [143,31 [143,41 [
144,101 [164,21 [164,73 [167,221 [
168,4] [177,181 [179,151 [182,101
[182,181 [182,21] [182,241 [190,1
31 [194,91 [228,101 [228,161 [228,
201 [231,131 [232,201 [234,71 [234
,16] [235,13] [237,25] [240,22] [2
46, 15] 1287,81 [292,41
INcREAsED(29) [3,171 [3,221 [4,21[
23,21 [23,191 [25,91 [25,131 [25,1
61 [39,19] [54,191 [55,141 [69,201
[97,221 [120,11 [138,151 [142,151
[182,151 [183,19] [183,211 [183,2
51 [188,4] [188,51 [194,71 [227,41
[227,171 [230,111 [231,91 [245,91
[282,21

INCREASES(6) [32,111 [99,171 [125,
151 [188,21 [235,81 [246,61
INCREASING(5) [45,51 [96,201 [122,
31 [167,201 [228,131
INCREDIBLY(l )[199,81
INCREMENTAL(2) [85,61 [321,251
INCREMENTALLY (1)[84,151
INCUMBENT(2) [133,101 [277,171
INO(19) [8,191 [265,171 [268,7] [26
9,13] [272,221 [274,141 [274,161 [
274,171 [274,171 [277,221 [278,11
[278,171 [324,171 [321i,201[330,1
11 [331,172 [333,17] [334,41 [338,
161.—.
INDEED(10)[14,17I [15,221 [43,151

[70,1] [70,51 [106,2] [108,231 [11
2,22 I [214;8] [304;16] -
INDEPENDENT [18,1] [25,19] [54,
231 [55,81[70,21] [123,15] [124,’
21
INDEPENDENTLY(1) [339,191
INDEx(42) [55,21 [79,3][95,23] [9!
,24] [96,10]illl,2i] [122;25] [12
6,1411136.161 [136,231 [137,2] [1
3?,41 [147;211 [148;7] [149,i][1:
5,1] [155,21 [155,111 [155,131 [1:
5,161 [155,221 [155,24] [173,4] [1
93,61 [204,61 [210,61 [211,23] [21
2,21 [214,61 [214,91 [220,10] [23[
,12] [230,201 [232,9] [232,23I [21
2,241 [233,11 [233,91 [233,16] [2t
0,41 [280,61 [293,21]
INoIANA(l) [184,231
INDICATE(4) [22,22] [207.2] [258.2
1] [316,15] - - -
1NOICATED(9) [162,24] [198,25] [3C
6,4I [306,6] [306,12] [306,16] [31
6,171 [317,24) [326,131
INDICATES(3) C3,21] [96,15] [173,2
21
lNDICATING(l) [4,61
INDICATION( 16)[6,171 [37,19] [58,
151 [70,19] [74,23] [90,12] [96,11
[96,131 [102,181 1155,231 [162,41
[163,72 [253,91 [253,101 [324,41 [
329,131
INOICATIONS(lO) [1,1O][71,12] [14
5,31 [145,21] [146,9] [147,12] [16
2,23] [293,141 [321,221 [324,71
INDICATOR(5) [63,1OI [80,16] [166,
41 [290,201 [291,51
INDICES(1) [277,51
INOISTINGUI SHABLE(1)[1O4,8I
INOIVIDUAL( 15)[5,201 [6,4][108,3
[113,241 [131,191 [147,9] [159,11
[159,11 [243,7] [261,131 [284,31 [
304,25] [329,251 [330,41 [337,61
[N01VIDUALS(9) [157,121 [183,6] [1
83,14] [184,12] [185,21 [197,121 [
198,251 [264,241 [273,21
[NOS(33) [6,4][265,14] [265,21] [2
68,41 [273,2) [273,24] [274,11] [2
77,23 I [278,51 [278,241 [323,131[
323,201 [324,141 [326,11 [327,231
[328,21 [328,111 [328,20] [329,72
[329,181 [329,251 [330,21 [330,41
[331,31[332,11 [332,201 [333,101
[334;91 [337;61 [338;131 [341;41[
341.171 [341.191
[NDUCE(i)[44;181
[NDUCED(l) [52,61
[NDUCING(l) [46,191
[NDUCTION(2) [181,9I[186,15I
[NDUSTRY(2) [328,131 [333,241
[NEFFECTIVE(l )[114,241
[NEQUALITY(l )[135,241
[NFANT(14) [128,241 [164,151 [164,
15] [181,19] [182,20] [182,22] [18
3,31 [188,221 [192,9] [192,181 [19
5,71 [244,171 [270,61 [287,201
INFANTs(78) [16,191 [115,20] [127,
10] [179,2] [179,251 [180,61 [180,
231 [181,25] [182,3] [182,6] [185,
171 [186,61 [186,16] [186,20] [187
,91 [187,101 [187,121 [187,151 [18
7,171 [187,201 [187,21] [188,61 [1
88,71 [188,10] [188,11] [188,141 [
188,18] [188,211 [188,221 [189,14
[189,171 [189,21] [189,221 [189,2
31 [190,21 [190,72 [190,12) [190,1
6][190,171 [191,91 [191,131 [191,
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131[191.171 [191,181 [191,22J [19
2;~j[19~,101 [192,131 [192,21] [1
c—~ .][192,231 [193,21 [193,91 [1

[193,161 [193,211 [194,71 [
4 [194,201 [194,241 [195,31

[1Y>,51 [195,61 [195,111 t204,6J[
204,71 [204,141 [215,241 [226,171
[228,141 [243,251 [260,141 [260,1
51 [260.181 [260,251 [270,151 [309
,21 [309,91 -
[INFARCTION [63,181 [63,191 [192
,61
INFARCTS(1) [125,241
[NFEcTIoN(4) r71,171 [104,7’2[119,
12] [125,173 - -
INFER(1) [256,151
[NFERENCES(l )[273,61
INFILTRATES(4) [20,201 [31,111 [38
,8I [321,11
INFLAMMATIoN( 11)[25,21 [43,221[4
4,19] [49,5] [50,171 [51,6] [52,12
[53,161 [54,131 [54,201 [57,171

INFLAMMATORY(9) [21,81 [25,41 [283
,171 [287,231 [288,61 [319,151 [31
9,161 [320,73 [320,91
[NFLATE(l)[lll, f51
[NFLATED(1)[108,6I
INFLATING(2) 1108,I9I [109,191
[INFLATIoN [107,81 [108,221 [118
,201
[NFLUENCE(6) [29,241 [153,221 C291
,8I [333,241 -
INFLUENCES(1) 180,81
[FORMATION [2,81 [3,81 [5,131
[25,51 [28,24] [33,77 [37,131 [37,
16] t39,21 [39,81 [54,211 [60,191[
64,121 [75,221 [91,221 [155,151 [1
=—~~ [197,181 [197,191 [203,171

201 [224,221 [228,11 [239,31
,5] [255,14] [266,41 [266,71 [

zoo, 151 [267,11 [267,31 [285,21 [3
01,201 [306,211 [308,21 [308,61 [3
30,5] [330,111 [333,21
[NFOR14ED(I)[206,141
INFREOUENCY(l )[125,211
[NFREQUENTLY(l )[132,101
[NFusE(l) [116,221
INFUSED(1) [55,11
[NFUSION(l )[208,151
[NGoING(l) [180,121
[INHALATIoN [3,231 [49,141 [74,1
81 [228,81 [228,181 [238,21
[NHALATIONAL(3) [106,121 [108,221
[115,51
[NHALE(I)[24,71
INHALED(141) [1,51 [3,61 [20,13] [2
0,161 [21,181 [22,31C22,71 [23,51
[23,111 [23,181 [23,241 [24,111 [2
4,141 [24,161 [24,181 [24,211 [24,
23I [25,31[25,61 [26,21 [26,131 [2
7,191 [28,81 [28,211 [30,61 [32,7]
[44.211 [46,11[47.81 [51,11 [51.5
[53;18] [54;5] [58;14] [59,18][60
,5] [72,5][72,8] [72,15] [~,71 [7
3,13] [84,4] [88,10] [106,4] [106,
73 [107,51 [107,241 [108,211 [111,
31 [111,8] [112,10] [114,22] [127,
241 [134,5] [137,12] [143,8] [145,
19] [145,24] [146,2] [178,22] [178
,251 [179,3] [179,6] [179,8] [179,
14] [180,21] [186,20] [189,4] [189
%(190,8] [194,21 [195,15] [2°7~

?09,71 [209,14] [209,16] [209
[211,171 [212,81 [212,221 [21

-,<31 [214,14] [214,221 [224,171 [

[230,161 [231,81 [231,121 [231,21
[232,41 [232,101 [232.131 [232,lt
[232;191 [232,251 [233,51 [233;81
[233,111 [233,231[233,251 [234,f
[234,131 [234,161[234,221 [234,Z
41 [235,61 [235,81 [235,111 [235,2
31 [236,251 [237,31[237,131 [238,
201 [239,231 [246,211 [247,51 [255
,241 [256,21 [256,211 [264,201 [2<
5,61 [266,101 [266,221 [276,11 [2;
6,81 [276,191 [276,24I [277,131 [i
79,51 [279,211 [282,121 [284,61 [2
86,241 [295,141 [298,121 [301,161
[334,181 [340,131

INHAL1NG(5)[I0.91 [11,91 [21,221 I
228,91 [233,191 - -
INHIBIT(1) [8,71
INHIEITED(l )[50,181
INHIBITOR(1) [8,1OI
INHIBIToRY(l )[5,231
INHIBITS(3) [8,101[8,131 [8,131
INITIAL(16) [32,91[111,241 [112,5
[112,71 [179,161 [187,241 [188,12
[190,131 [190,231 [200,201 [206,1
91 [215.61 [231,61[233.161 [238,1
9][284; 22] - - -
IN1TIALLY(7) [104,8I [112,251 [131
,31[185,111 [244,101 [294,41 [295
;61 - -

INITIATE(l) [190,251
INITIATED(l )[265,141
INIT1ATION(8) [118,81[148,21 [152
,181 [158,201 [163,251 [164,71 [lE
1,141 [284,211
IN1TIATIvE(2) [183,1OI [309,201
1NJURE(1)[1O,6I
INJURED(3) [10,51[16.251 [132.151
INJuREs(l)[14t,lll - -
INJuRIES(7)[26,1OI [31,121 [36,21
[49,171 [54,121 [103,251 [210,21

1NJUR1OUS( 1)[270,191
INJURY(50) [22,171[22,181 [24,151
[24,22] [26,41 [29,61[29,12] [31,
101 [32,24] [33,161[38,121 [38,13
[39,51 [39,71 [43,211[44,191 [46,
121 [47,41 [49,25][50,41 [50,6] [5
0,22] [52,31 [52,51[52,61 [52,71 [
52,111 [55,111 [57,181[72,11 [72,
21 [72,61 [72,91[72,191 [91,2] [91
,4] [106,25] [107,121[117,18] [11
7,221 [126,41 [130,251 [138,231 [1
39,3I [139,141 [142,141 [154,191 [
163,231 [180,201 [267,21

INO(46) [3,181 [57,131[114,4] [136
,7I [152,91 [163,181[164,6] [182,
3] [184,10] [185,131[187,7] [188,
221 [189,91 [189,101[189,15] [189
,181 [189,231 [190,17] [190,201 [1
91,121 [191,131 [191,181 [191,201
[192,131 [192,181 [193,251 [194,5
[194,6] [194,91 [200,73 [203,241 [
204,21 [210,131 [214,21 [244,61 [2
45,91 [252,61 1252,22] [263,5) [29
2,191 [296,221 [297,211 [306,121 [
318,181 [323,131 [324,141
INORDINATE (1)[131,181
INOS(2) [7,221 [155,161
INOSG(l) [226,111
INOTROPIC( 1)[208,131
INPUT(1) [28,221
INSIGHT(1) [272,151
INsPIRED(2) [95,251[110,12]
INSTANCES(2) [29,201[198,111
INSTEAD (6)[55,111 [63,11 [163,151
[195,12] [267,251[334,161

,JJ
INsT1TUTED(3) [149,6] [153,23] [1!
9,31
INSTITUTES( 1)[174, ?71
INSTITUTING(l )[221,171
INsTITUTION( 11)[66,6] [126,121 [1
31,151 [131,18] [160,231 [186,81 1
236,41 [236,24] [254,161 [271,151
[324,171

INSTITUTIONAL( 1)[236,221
INsT1TuTIoNs(3) [115,211 [116,21 I
121,211
INsUFFICIENCY(4 )[29,171 [80,61 [E
4,241 [?00,3]
INSUFFICIENT(2) [35,41 [247,31
INSULT(1) C20,251
INSULTS(2) [21,51 [21,71
INSURANCE( 1)[75,11]
INTACT(1) [124,131
INTEGRITY(5) [196,181 [197,51 [19i
,9] [261,131 [302,141

INTELLECTUALLY(2) [13,241 [218,1t
INTENO(l) [315,171
INTENDED (4) [289,15] [289,201 [29C
,6][303,31

IiJTENSE(i)[215,61
INTENSIVE (12) [23,141 [28,41 [64,1
8] [74,10] [82,41 [151,231 [152,1C
[161,251 [172;171 [172,211 (175,2
21 [178.211
INTENT(3) [196,81 [222,11 [298,141
INTENT-TO-TREAT(7) [188,251 [189,
141 [190,11 [194,241 [195,11 [195,
3] [195,231
INTERACT(l )[319,151
INTERACTION(7) [7,11[47,111 [101,
111 [107,11 [110,161 [113,101 [223
,21

INTERACT IONS(1) [1OO,23I
INTERACTS(1) [47,171
INTERCEDE(1) [163,151
INTEREST(ll) [1,241 [2,121 [2,172 [
120,221 [128,14) [128,181 [275,11
[321,251 [327,171 [335,211 [337,1
21
fiiiERESTED(ll)[9.131 [12.151 [80.
251 [88,91 [12~;2il [153,i41 [254;
111 [261,181 [270,4] [273,141 [32E
.51
1NTEREsTING(21 )[7,121 [8,111 [32,
25I [35,23) [36,151 [37,61 [72,141
[72,171 [114,111 [210,251 [221,91
[237,181 [238,11 [238,41 [238,151
[276,131 [276,171 [286,191 [298,1
[317,171 [329,161

INTERESTINGLY(2) [12,81 [40,221
INTERESTS(3) [149,131 [154,221 [25
1,251
INTERFEREs( 1)[335,181
[NTERFER1NG(2) [275,91 [341,21
[NTERIM(4) [207,241 [213,211 [229,
201 [231.73
[NTERLEUKEN-8(1 )[54,11]
[NTERNIsT(l )[28,172
INTERPRET(8) [66,231 [141,211 [268
,101 [268,161 [281,31 [281,61 [316
,221 [333,41
INTERPRETATION(2) [158,151 [303,3
[INTERPRETED [94,111 [269,41 [26
9,51 [269,71 [269,131 [293,121
[NTERPRETING(l )[289,141
[NTERRUPTION( 1)[116,51
INTERSTITIAL (1)[51,181
INTERVAL(3) [81,201 [183,21 [264,1
51
[NTERVALS(l )r264.31

INTERVENE(1) [168.81
INTERVENTION(11 )k29,81 [29,241 [:
4,6I [70,8][112,2] [113,20] [127,
201 1149,22] [154,11] [167,4] [161
,151

INTERVENTIONAL(l )[295,23]
INTERVENTIONS(I6) [29,23] [29,24:
[44,21 [59,251 [92,11[105,91 110
,81 [109,22] [109,24] [113,9] [Ill
,61 [165,18] [165,21][167,12] [1(
7,1711177,211
INTO(71) [7,81[14,171 [15,20] [17(
201 [19,151 [20,191 [21,31 [21,41
30,71 [35,41[36,91 138,241 [45,41
[63,61 [64,131 [68,71[75,131 [77,
241 [79,181 [80,21 [83,251 [84,61
97,31 [98,11] [111,~ [124,24] [1:
3,25] [137,41[140,6] [147,8] [14i
,10] [148,2) [152,11] [152,!6] [1{
1,12] [162,181 [167,141 [170,231 I
176,9] [176,121 [176,131 [176,241
[181,177 [189,251 [198,23] [201,7
[203,101 [205,111 [227,72 [228,41
[242,51 [253,3] [257,121 [259,231
[271,91[272,151 [279,81 [281,211
[290,19] [294,6] [296,18] [296,1$
[300,11 [301,181 [303,171 [306,1$
[321,23] [322,161 [326,31 [328,14
[339,171

INTRA-AMNIOTIC( 1)[1O4,6I
INTRACRAN1AL(10) [43,6][56,21 [St
,41 [122,10] [127,11] [192,4] [21C
,31 [211,81 [212,161 [244,91

[NTRAPULMONARY( 10) [97,16] [97,14
[98,51 198,131 [99,41[101,72 [104
,12] [108,121 [109,51 [110,111
INTRATRACHEAL(1)[117,21
INTRAVENDUS(2) [1O,13I [17,51
INTRAVENOUSLY(1) [17,111
INTRIGUEO(l )1134,191
INTRoDUCE(4) [1,161 [1,172 [207,22
[228,41

lNTRtiUCED(3) [4,221 [6,111[126,1
81
INTRoDUCTION(6) [4,201 [4,21][6,1
3] [121,41 [148,191 [227,71
[NTUBATION(l )[322,61
INVASIVE(8) [14,81 [16,8]143,41 [1
26,20] [133,111 [154,221 [172,161
[174,11

INVENTORY(1) [119,71
[NVERSELY( 1)[104,1I
[NVESTIGATE(l )[277,181
[NVEST1GATION(2 )[264,23] [317,12
[NVEST1CATIONAL(3) [5,211 [180,22
[207,231

[NVESTIGATIONS( 3)[42,1O] [215,16
[276,16]

INVESTIGATIVE(2) [277,231 [334,51
[NVESTIGATOR( 16)[5,211 [6,41[31,
11[149,8] [153,121 [184,51 [197,1
[277,211 [278,51 [278,17] [324,18
[329,251 [334,41 [334,71 [334,91I
337,61
[NVESTIGATOR-(l )[265,131
[NVESTIGATORS(10) [5,1][28,221 [3
8,23] [51,1][153,10] [196,20] [27
7,51 [279,121 [293,81 [331,51
[NVOLVE(l) [205,211
[NVOLVED(15) [20,121 [115,201 [12E
,51 [184,173 [190,24] [194,181 [1$
7,141 [197,151 [228,25] [231,41 [2
79,21] [329,21 [329,8] [331,101[3
36,151
INVOLVEMENT(1) [2,18]
[NVOLVES(1)[2,1O]

CASET Associates, Ltd.’ INFARCTION to INVOLVES
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[O:8~I]t5~,161
~R= ‘?24.131 [324,191 [324,211
[F ,33i,91[331;101 [331,111 [
3>,. -J [331,141 L331,151
IRREFUTABLE(I) [91,91
[RRELEVANT( 1)[205,251
IRRESPECTIVE(2) [123,241 c220,211
IRREVERSIBLE(8) [86,211 [87,71 [11
7,221 [165,241 [166,41 [169,21 [lC
9,81 [254,251
[RRITANT(2) [3,231 [4,111
[RRITANTS(1)C3,151
[scHEMIA(l) [52,41
[SCHEMIC(2) [52,61 [106,251
1SOFOR14S(1)[7,231
[SOLATE( 1)[99,141
[SOLATED(l )[143,91
[soLATIoN(l) [76,31
ISRAELC1) [215,131
[ssuE(58) [1,241 [25,191 [26,121 [t
2,151 [66,111 [67,221 [67,231 [70,
91 [70,101 [71,91 [75,3] [82,4] [84
,231 [91,71 [127,161 [129,177 [134
,4] [137,81 [138,71 [140,251 [141,
11 [141,121 [141,131 [145,21 [147,
41 [154,131 [160,121 [160,121 [16C
,131 [160,16] [161,4] [161,17] [17
1,11 [171,91 [171,10] [171,22] [1S
4,1S] [196,241 [199,111 [202,201 [
209,11 [220,51 [220,231 [223,141 I
224,101 [253,81 [265,111 [267,181
[267,23) [272,10] [2i3,19] [274,1
41 [278,231 [290,191 [292,91 [303,
211 L316,121 c333,71
[ssUES(45) [1,81[1,81 [1,211 [2,21
@l@ [37,151 [37,251 140,18] [41

“2,91 [46,221 [47,31 [47,61 [
,59,16][73,121 [75,121 [75,

.,00,21[115,171 [116,201 [124
:231 [125,221 [128,101 [129,41 [15
7,231 [158,121 [159,161 [172,19) [
175,201 [190,231 [190,251 [205,21
[225,161 [243,71 [243,141 [265,51
[266.161 [268,21] [272,201 [299,1
31 [315,211 [322,11 [325,121 [327,
251
[TEM(18) [1,2][2,24] [4,21] [7,41 [
20,5] [28,14] [42,13] [58,91 [94,2
31 [161,231 [162,141 [162,161 [178
,181 [207,141 [226,111 [243,171 [2
63.131 [265.231
:TEtiTiONS(i )[277,111
‘TsELF(2O)[1O,18I [43,211 [43,251
[45,221 [46,141 [46,221 [47,111 [4
7,21] [48,31 [55,141 [55,231 [56,1
91 [108,171 [136,61 [144,41 [160,1
[160,81 [209,21 [238,61 [319,161
--------------------------- ====---------------------------
I J J
:==.=========== ======= ======= ==
IANECK(4) [277,21] [277,22] [281,3
[282,21
tAY(3)[12,141 [14,201 [15,101
IEFF(l)[275,231
IERSEYC1) [2,251
IET(2)[99,71 [116,41
IOAN(2)[1,201 [2,201
IOANNE(1)[284,81
IOB(5)[9,61 [71,5] [101,15] [108,1
~04,5, - -

[197,25] [198,21
2)[94,25] [103,8] [115,121 [

,451 [122,23] [127,231 [265,24
[265,241 [268,201 [269,161
IOHN’S(l)[138:191

JOINING[l) [94.71
JWRNAL(3)[22;91 [23,173 [336,191
JUOGE(3) [61,23I [205,11 [205,41
JUDGMENT [149,81[157,101 [15
9,201 [161,73 [164,141 [175,131 [1
i7,201 [197,11 [274,21 [291,41 [29
6,121 [339,221
JUOGEMENTS(3) [157,111 [296,111 [3
38, 13]
JUOGMENT(l )[87,72
JUDGMENTS(2) [59,101[70,61
JUGULAR(1) [119,211
JUMPED (2) [224,21[274,61
JUMPS(1) [112,81
JUNE(1) C28,151
===.===== ==.===.=. ====.==.. ==..
K K K
===============================
KAVANAUGH(l )[24,131
KEEP(ll) [11,1OI[17,7I [94,161 [15
5,73 [170,201 [204,221 [261,31[27
5,1] [275,141 [299,151 [307,61

KEEPING(1) [79,221
KEPT(1) [229,!91
KETACONASOL( 1)[92,61
KEY(4) [84,171 [129,91 [223,241 [33
2,181

KID(3) [165,111 [310,23] [311,61
KIDNEYs(l) [178,11
KIDS(19) [134,81 [136,241 [196,21 [
196,14] [196,151 [197,71 [198,171
[242,111 [257,211 [257,251 [258,2
31 [259,171 [259,211 [260,41 [260,
111 [271,101 [296,201 [317,151 [33
2,41

KILLED (1)[I0,121
KILOS(2) [111,201 [122,231
KIND(37) [5,161 [5,171 [7,81 [9,121
[17,181 [18,131 [19,121 [30,231 [3
3,21 [38,41 [41,211[54,2] [68,21 [
69,21 [72,161 [i3,161[78,251 [79,
191 [107,91 [118,221 [123,211 [134
,131 c170,171 [174,81 [204,171 [22
3,21 [241,201 [241.211 [254,101 [2
76,171 [296,201 [298,171 [304,221
[305,221 [316,241 [317,41 [335,18

KINOS(17) [12,161 [45,191 [49,11 [5
3,19] [57,251 [97,12][129,17] [14
2.31 [144,201 [167.111 [167.161 [1
74,21] [223,71 [240,11 [252;19] [2
77,11 [293,91

KING(2) C156,191 [157,11
KINGDOM(1) [122,151
KINsELLA(17) [56,111[94,221 [94,2
4] [94,25] [94,25][133,17] [137,1
9] [138,121 [141,22] [142,91 [144,
4] [146,8] [150,2][175,191 [177,8
[213,171 [260,231

KL4(1) [116,17]
KNEu(ll) [11,5][11,71[11,15J [12,
23I [17,11] [67,31[218,91 [336,21
[336,71 [336,91 [336,141

KNOCK(2) [15,81 [17,41
KNowING(2) [139,18] [273,24]
KNoWLEDGE [41,241 [139,8] [141,
13] [255,10] [330,91[338,8]

KNouN(9) [13,3] [19,251 [125,72 [20
3,7] [211,2] [243,19] [278,14] [27
9,6I [338,111
KNoUS(4) [19,121 [134,3] [341,6] [3
41,71
KOLOBOU(l )[14,21
KONSTAM(28) [78,?61[80,41 1764,8J
[194,151 [195,91 [196,61 [196,101
[197,201 [198,151 [198,191 [255,1
81 [282,16] [262,221 [283,3] [29i,

91 [300,211 [310,15] [316,11 [316,
19] [319,41 [333,19] [336,25] [33;
,51 [337,191 [339,111 [340,2] [34(
,7][340,101

KORNFIELD(3) [87,10] [87,131 [87,’
3]
====..=== ========= ========= ===:
L L [
====...====..= ===.=== ======= ==:
LAB(7) [9,111 [9,231[11,181 [12,1i
[13,21 [i5,181 [239,221

LABEL (7)[31 .41[71.111 [71,141 [14
5,21] [250,251 [26i,lll [333,41
LABELEO(l )[55,11
LABOR(3) [1O,I5I [172,!71 [172,211
LABORATORY(6) [3,51[4,101 [48,101
[52,201 [96,191 [184,!11

LACK(ll) [4,121 [53,141 [58,201 [7C
,12] [71,22] [89,~ [89,101 [94,11
[141,181 [251,91 [251,161

LAMB(2) [227,51 [239,201
LAMBS(4) [52,51 [226,211 [227,11 [Z
27,161
LANO(l) [71,111
LANGUAGE(1) [138,131
LARGE(19) 15,24] [24,191 [25,11[46
,2I [48,121 [48,181 [68,41 [72,41 1
107,12] [118,21] [122,151 [122,15
[130,11 [144,101 [207,201 [213,11
[254,31 [254,?31 [300,111

LARGELY(1) [65,251
LARGER(6) [67,111 [121,91 [121,101
[171,171 [257,51 [273,17]

LARGEST(1) [44,131
LAST(22) [5,191 [31,2] [60,21] [71,
10] [87,3] [119,25] [121,11 [123,2
31 [126,121 [133,81 [140,221 [171,
81 [176;21 [224,11 [265,81 [273,2C
[296.7] [308.251 [319.221 [323,12
[330;191 [337,221 “ “

LASTED(1) [12,81
LATE(4) [43,81 [136,171 [193,251 [2
47,171
LATER(13) [14,121 [14,231 [22,141 [
48,121 [56,31 [88,251 [198,121 [20
8,61 [208,181 [210,211 [258,101 [2
59,91 [259,91
LATEST(1) [56,31
LAUGH(1) C134,121
LAUNCH(3) [306,191 [329,241 [330,1
LAVAGE(3) [4,51 [54,141 [116,171
LAUYERS(l )[220,21
LAYING(1) [5,151
LBLI(.1)[15,221
LOO(1) [147,201
LEAD(10) [43,231 [46,211 [47,131 [4
7,251 [69,201 [162,251 [163,231 [1
79,141 [198,21 [305,211
LEADING(l) [48,21
LEADS(2) [53,191 [285,71
LEAK(2) [104,201 [104,201
LEAKEO(2) [11,201 [52,141
LEAKS(2) [103,25I[191,24I
LEAKY(1) [104,11I
LEAN(1) [81,81
LEARN(8) [41,251 [57,191 [58,31 [67
,14] [110,22] [155,20] [221,6] [27
3,31 “ ‘ -
LEARNEO(2) [68,91 [277,251
LEARNING(I) [15,141
LEAsT(35) [5,101 [6,251 [38,41 [40,
251 [54,61 [60,171 [64,161 [68,251
[91,141 [109,21 [131.41 [133,111 I
135,61 [135,71 [162,91 [162,131 [1
63,241 [165,10] [166,121 [187,11 I
188,111 [213,1] [219;121 [219;161

CASET Associates, Ltd.,’

41 [261,4] [270,161[27i,15] [27i
15] [277,151 [297,181 [338,101

LEAVE(3) [74,15][133,5] [285,25:
LEAVING(1) [157,161
LED(5) [56,161 [124,211 [167,81[:
4,171 [304,221
LEFT(38) [20,211 [41,6][44,51[5;
51 [79,121 [88,161 [95,19][98,1’
[100,2] [100,31 [100,61 [1OO,8JI
00,101[101,91 [1O5,2I[1O5,11II
05,151 [108,71 [149,7] [207,9][;
8,241 [210,131 [217,101 [217,131
227,5 I [227,61 [239,151 [242,221
256,201 [257,161 [257,23] [258,1
[258,191 [260,101 [307,24] [310,
41 [319,241 [319,241
LEFT-TO: RIGHT(l) [110,41
LEGAL(1) [180,13]
LEGALLY(1) [188,31
LEGITIPiATE(l)[339,121
LEGITIMATELY(1) [296,21
LENGTH(2) [179,171 [216,41
LESIONS(2) [24,191 [229,131
LESS(51) [11,151 [15,25] [38,9][4
,24I [47,101 [63,111 [63,11] [63,
11 [64,251 [65,11 [77,171 [82,11[
3,231 [126,201 [127,141 [142,41[
48,4] [151,101 [154,221 [163,11[
66,3I [182,131 [182,241 [183,181
183,231 [188,21 [192,171 [193,61
203,41 [204,171 [204,181[206,21
208,101 [212,171 [221,11] [226,2
[229,71 [230,121 [234,151 [234,1
[238,111 [244,21 [244,31[245,71
249,211 [250,131 [274,71 [277,15
[287,21 [300,131 [301,41

LESSER(1) [268,41
LESSON(1) [334,31
LET’s(20) [20,41 [21,121[45,111[
4,12] [119,141 [119,181 [141,191
207,121 [220,231 [271,9][282,24
[288,15] [289,12] [295,13] [308,
4] [308,15] [316,8] [316,13] [318
171 [330,201
.ETHAL(l) [211,21
.ETS(l)[86,101
.ETTERS(l) [331,81
.EUKOCYTE(l) [8,101
.EUKOMALASIA( 1)[192,61
.EVEL(46) [4,151 [9,31[12,221[18
131 [39,171 [39,21] [47,20] [48,1
[66,11 [66,5] [66,61[68,151 [139
81 [169,201 [179,121 [180,181 [18
,111 [182,14] [182,201 [182,221[
82,231 [183,161 [183,18] [183,19
[183,211 [183,231 [183,251 [188,
[188,8] [188,15] [192,11] [192,1
[192,191 [227,31 [228,7][230,17
[232,211 [233,241 [233,24] [234,
[234,91 [234,111 [275,31 [334,19
[340,141 [340,181

.EVELS(35) [11,151 [30,101 [30,11
[40,191 [40,201 [40,231[41,41[4
,14] [48,9] [48,9] [48,16][48,19
[66,9) [182,191 [183,12] [184,10
[185,31 [192,141 [227,11] [228,6
[228,141 [228,171 [228,201 [231,
31 [232,131 [234,5] [234,17] [234
181 [235,91 [235,13] [236,19] [24
,91 [246,241 [246,241 [247,11
.1FE(41) [9,51[10,141 [13,241[14
31 [29,111 [42,251 [43,31 [75,151
82,91 [86,24] [120,10] [122,141[
24,251 [125,11 [125,221 [126,21[
28;61 [133,8] [140,i5] [140,i71 [
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L0,18] [148,111 [160,121 [160,161
[161,41 [161,77 1161,81 t161,101 [
~—~6] [162,21] [166,181 [167,61

1[170.101 [172,191 [176,19
lh-[252,91 [267;81 [295,73 [

325,41
IFE-SAVING(2) [177,201 [266,241
IGATED(2) [119,211 [125,51
IGATIoN(4) [120.41 [125,61 [140,1
11 [140,131 -
IGHT(7)[7Z,171 [198,11 [215,81 [2
32.151 [271,221 [294,73 r.326,211
IGiTLY(l) [174,181
IKED(2) [204,11 [204,41
IKELIHOCD(2) [31O,18I [318,211
IKELY(19) [34,71 [38,121 [38,161 [
69,211 [50,211 [58,21 [69,201 [73,
201 [102,I7I [121,41 [127,211 [127
,241 [131,111 [142,41 [143,111 [17
6,121 [176,131 [176,161 [327,201
IKES(l) [312,31
IMB(3) [57,191 [57,201 [123,121
IME(1)[1I,1OI
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[49,12][49,251[51,16][60,4][60
,171160,18][68,111[69,231[71,9
[72,211[73,101[79,81[79,151[80
,101[81,191[84,171[8.4,181[85,6
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M1CE(3) [3,91[50,81 [50,91
MICHELLE(1)[I01,141
MICRO(l) [137,231
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PAR IS(1) [18,Z5]
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PARS(1) [24,31
PART(66) [1,251[42,9][75,171 [75,
181 [80,91 [88,21[125,251 [135,14
[136,141 [143,131[146,101 [147,5
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[164,141 [166,21[166,41 [166,111
[171,151 [181,172[192,201 [195,5
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,181 [90,22] [145,10] [153,4] [153
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,151 [156,241 [157,4] [157,18] [17
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PARTICIPANTS(Z) [2,131 [2,16]
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5,24] [76,51 [76,71[79,11 [79,51 [
84,221 [86,161 [87,18] [88,81 [88,
11] [90,15] [90,16] [90,23] [92,14
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[156,71 [158,221 [161,31 [164,11 [
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[234,121 [240,71 [244,151 [258,10
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[31,101 [31,131 [31,201 [32,61 [32
,17] [32,181 [33,71[35,21 [35,141
[36,31 [36,41 [36,191 [37,81 [38,9
[38,121 [38,131[38,161 [38,181 [3
8,19] [38,25] [39,1j[39,121 [39,2
21 [40,7] [40,20] [41,4] [42,51 [49

,181 [54,111 [54,151 [54,181 [54,2
51 [55,14] [55.173 [55,191 [55.211
C56,2~l [56,251 [57,3i [57,211 157
,25] [59,20] [59,21] [59,24] [62,4
[62,221 [63,191 [64,22] [65,51165
,10] [66,14] [67,10] [67,12] [71,1
81 [71,23I [73,2] [73,20] [74,4][7
4,18] [74,19] [74,21] [76,23] [77,
12] [77,14] [78,10] [78,20] [79,1C
[82,51 [83,61 [87,141 [87,181 [87,
22] [87,241 [88,41 [88,151 [89,91[
89,211 [89,251 [91,11 [91,231 [92,
20] [92,211 [93,31 [95,141 [95,171
[96,61 [97,81 [lo0,131 [101,z5I [1
02,31 [1OZ,4I [102,11] [102,23] [1
03,7’2[103,91 [104,Z3I [106,5] [10
6,8] [107,72 [109,3] [111,6] [111,
13] [111,181 [112,5] [112,16] [113
,15] [113,24] [114,12] [115,3] [11
5,16] [115,18] [116,6] [116,15] [1
17,Z1)[118,151 [118,231 [1Z0,171
[120,191 [120,20] [120,23] [121,1
[121,71 [121,101 [121,141 [121,24
[122,11 [122.41 [122.61 [122.201 [
lZ3,i] [123,21 [123,i7j [123;181[
124,1] [1Z4,71 [124,71 [125,81 [12
5,241 [126,161 [126,161 [126,221 [
126,241 [127,51 [127,71 1127,131 [
127,18] [127,20] [127,21] [127,23
[127,231 [128,51 [128,61 [1Z8,171
[129,13] [129,13] [129,14] [129,2
01 [130,5] [130,71 [130,181 [130,2
11 [130,22] [131,7] [131,19] [131,
251 [132,41 [132,7] [132,91 [132,1
4] [13Z,171 [134,15] [135,2] [135,
91 [135,12] [137,6] [141,3] [142,2
[14Z,71 [145,15] [147,19] [147,22
[148,141 [152,11 [152,41 [154,61[
156,201 [161,11 [171,181 [172,51[
172;121 [172;131 [lti,21 [173;101
[l~.l Zl[l~.131[1~.181 [174,9
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[185,111 [195,20] [199,8] [206,14
[207,20) [207,241 [208,41 [208,91
[208,121 [208,161 [208,191[208,Z
11 [208,221 [208,25] [209,3] [209,
81 [20919] [ZIO,?I [210,8) [Z1O,9I
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[211,71 [211,81 [211,91 [211,181[
211,231 [21282] [212;6] [21Z;71[Z
12.10] [212,171 [212.191 [212.201
[Zi3,41 [213,61 [214;11 [214,il[2
14,24] [215,4] [216,121 [216,221 [
217,21 [218,61 [218,151 [218,171 [
219,171 [219,211 [220,131 [221,21
[221,201 [222,121 [224,201 [225,1
31 [225,191 [225,21] [231,3] [231,
81 [231,121 [231,161 [231,181 [231
,19] [232,41 [232,5] [233,3] [233,
71 [233,10] [233,18] [233,201 [233
,221 [233,241 [236,3] [240,71 [240
,91[240,201 [241,10] [242,11 [242
,22] [244,21 [244,5] [244,171 [244
,20] [244,25] [245,1] [245,21 [245
,31 [245,6I [246,8] [246,16] [246,
181 [246,201 [246,25] [247,111[24
7,131 [247,14] [247,161 [247,201 [
248,141 [248,151 [248,21] [248,23
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91 [185,201 [186,161 [186,171 [186
,191 [186,201 [187,161 [188,121 [1
88,131 [188,181 [188,181 [189,161
[189,181 [189,221 [189,22] [190,1
51 [190,171 [190,191 [190,201 [192
,111 [192,151 [192,171 [193,201 [2
00,91 [200,91 [204,161 [207,111 [2
08,10] [214,131 [214,141 [217,51 [
217,111 [227,181 [230,31 [232,71 f
233,41 [233,51 [233,151 [234,31 [2
34,7J 1244,3J [245,51 [245,191 [24
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RoFILE(2) [233,71 [233,181
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ROFUSE(l )[24,6]
ROFUSING(1)[14,7Y
ROFUSION(7) [14,7Y [21,201 [21,21
[97,201 [97,211 [97,241 [118,171
ROGRAN(6) [72,41 [126,61 [130,171
[140,61 [141,31 [278,21
ROGRESS(6) [70,12] [93,14] [165,1
?1[168,121 [168,141 [339,231
ROGRESSED( 1)[33,191
iOGRESSES( 1)[64,91
?OGRESSION(2) [33,41 [33,In
INGRESSIVE [22,171 [54,16) [55
,4] C55,7’I[96,12] [113,10] [148,1
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70~REss IvELy(l)[56,21J

‘BIT(3) [58,221 [300,8] [300,1

PROLONG(3) [52,111 [55,181 [214,2C
PROLONGED [47,71[48,191 [51,21
[74,101 [107,61 [322,61

PROMISE(2) [331,181 [338,191
PROMOTE(3) [117,181[133,61 [235,7
PROMOTES(3) [122,141[125,21 [154,
201

PRWOTING(l )[124,131
PROMULGATED(I) [143,151
PRONE(2) [92,31[118,181
PROPAGATION (1)[117,181
PROPER(1) [326,221
PROPERTIES( 1)[49,61
PROPERTY(l )[155,211
PROPHYLACTI C(4)[116,141 [128,21 I
128,191 [128,231
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PROPOSALS(1) [268,61
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228,221 [244,61 [263,221 -
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4,24J [197,181
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[180,251 [183,71[186,5] [207,25]
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[217,161 [217,20] [218,101 [219,9
[234,91 [252,61 [296,191 [324,181
[324,211 [324,221

PROTOCOLS(S )[149,51 [149,141 [331
,241 [336,41 [336,151
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PROVEN(7) [5,111 [42,31[220,24] [2
56,81 [256,111 [257,71 [261,221

PROVES(1) [240,61
PROVIOE(8) [8,231[42,191 [83,181 [
133,101 [139,61 [168,21 [180,181 [
313,91
PROVIDED(7) [37,141[54,3] [126,10
[132,191 [203,173 [208,141 [333,1

6&v1DEs(2) [163 ,41[,63,4,

PROVIDING(2) [35;181[137;12]
PROVING(2) [8,61[256,31
PROVISION(l )[181,1OI
PROVOKE(1) [54,121
PSEUDDMONOSEPSIS(l )[1~,251
PSILOLATERAL( I)[1O5,6I
PTCA(5) [162,191 [162,231 [162,241
[163,71 [168,171

PuBLIC(5) [2,221 [2,24114,18] [5,2
[124,221
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PUBLICIZEO(l )[32,15]
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3,22] [147,24] [173,171 [208,3] [2
13,21] [215,8] [264,72 [274,4] [27
8.141 [336.191
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PULLED(2) [138,221 [147,171
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,241 [13,4] [16,241 [17,11[17,21 I
17,61 [17,71 [17,81[19,51[21,61 I
21,161 [23,21 [23,61 [23,61[24,1:
[24,171 [24,191 [24,211 [25,91[2:
,111 [25,131 [25,131 [25,141[25,1
7] [25,18] [25,211 [25,221 [25,231
[26.21 [26,51 [26,61[26,71[26,17
[26;201 [26,23] [27,61[27,161[34
.171 [43.71 [43.111 [43.141[43,17
i46,91 [47,81 [47,191 [52,151 [52,
181 [54,22] [56,81 [57,31[57,71 [$
7,81 [62,171 [62,191 [64,81[79,21
[80,31 [80,61 [87,101 [88,211 [88,
231 [88,241 [91,31 [95,41[95,81 [5
5,151 [95,151 [95,201 [97,81[97,1
71 [97,18) 198,91 [98,111198,191 I
98,201 [99,81 [99,121 [99,141[99,
161 [99,171 [100,41 [100,61[1OO,1
11 [100,111 [100,141 [100,181 [101
,11 [101,41 [101,91 [101,201 [101,
221 [102,101 [102,121 [103,191 CIC
4,14] [104,172 [104,211[104,241 I
105,81 [105,141 [105,231[105,241
[106,4] [106,141[106,151 [106,1t
[107,251 [108,101 [109,7I[109,91
[109,111 [109,251 [110,21[110,14
[111,41 [111,141 [112,181[113,11
[113,171 [114,161 [114,231 [117,2
[119,91 C119,1OI [130,121[135,41
[135,201 [136,221 [137,201[137,2
21 [137,251 [138,211 [139,21 [143,
101 [144,231 [145,111 [151,161 [15
1,181 [156,71 [156,81 [156,111 [15
6,171 [157,41 [178,21 [179,191 [1P
0,21 [180,4] [185,241 [186,11 [186
,131 [192,71 [208,171 [208,231 [2C
8,241 [209,11 [210,1911213,91 [22
6,241 [227,21 [227,41[227,91 [227
,161 [227,171 [227,191 [227,241 [2
27,241 [229,41 [237,41[239,181 [2
40,41 [242,11 [242,161 [243,251 [2
51,21] [257,18) [258,151 [258,211
[259,41 [259,61 [260,10I t260,151
[278,10I [278,121 [281,201 [282,1
31 [282,171 [283,1] [283,101 [283,
111 [283,201 [283,241[283,251 [2.8
3,251 [286.221 [288.161[289,201 I
290,251 [291,121 [292,41[310,241
[311.11 [317.11 [321.171 [322.101
[333;121 [340,121 - -

PULMONARY- RELATEO( 1)[26,251
PULMONOLOGY( 1)[42,161
PUMP(2) [14,161 [311,71
PUMPED(2) [14,161 [119,221
PuRE(2) [145,251 [199,201
PURELY(1) [130,31
PURPOSE [28,24] [59,111 [59,11
[78,151 [82,5] [97,121 [142,11 [15
7,221 [161,101 [161,111 [204,231 [
261,61 [302,121 [334,51

PURSUE(2) [139,41 [326,81
PURSUEO(l) [323,191
PURSUING(l )[327,251
PUSHEO(1)[164,17’I
PUTT1NG(6) [36,111 [41,221[273,2C
[274,141 [275,111 [305,181

PUZZLED(1) [174,211
PVCS(2) [63,181 [63,191
PVR(7) [99.191 [99.201 [99,241 [100
,61 [108,9] [lil,i61 [114;161

PVV(2) [267,2] [281,5]
PYROXINITRIDE( 1)[24,31
PYROXINITRITE(2 )[4,1Y [314,191
======= ===..== ======== ======= .:
a Q (
========= ======== =.===========:
WALIFYING(2) [186,231 [222,141
WALITY(12) [29,18] [75,15] [160,’
11[160,161 [161,4] [161,7][161,!
[161,161 [162,211 [166,181 [172,’
91 [184,71
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CIUANTITATE(l)[99,3]
QUARTER(1) [211,71
WEST IONEO(2) [136,181 [148,211
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WEST IONNAIRES(l) [86,71
WEST IONS(37)[6,21I [7,101[42,41
[59,61 [133,161 [133,19) [134,111
147,19] [174,211 [205,31[205,81 I
222,231 [222,24] [224,10] [248,2(
[249,21 [268,231 [268,241 [269,2:
[272,14] [278,211 [282,51[282,61
[282,91 [289,61 [289,241 [290,31I
297,41 [298,11 [300,11 [304,251 [:
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82,151 [315,251 - ‘

QUITE(22) [11,231 [12,141[13,201 I
34,71 [102,241 [103,81[106,31 [1[
6,131 [lo9;191[l ll;201[lli,2311
114,1] [118,41 [136,11 [156,121[1
69, i71 [235;1] [264;121[283,181 I
293,11 [323,411335,201

========.==================2 ==.

R R R
================ .====.========:
RAOICAL(2) [7,131 [45,231
RADICALS [47,25] [47,25]
RADIOGRAPHICAL(l )[20,191
RADIOGRAPHICALLY(3) [102,231 [104
,91 [104,23]

RAIN(1) [11,71
RAISE (5)[83,20] [145,71 [166,171I
239,251 [301,111

RAISED(14)[17,1OI [59,31[68,1511
84,101 [124,14] [131,211 [134,11 [
134,21 [154,251 [187,131 [262,111
[268,51 [307,11 [325,131

RAISES(5) [9.31[22.31 [25.181 [16f
,41 [196,171 “ “

RAISING(5) [16,81 [17.211 [50.61[5
0,14] [90,181” “ “

RAN(2) [130,171 [250,191
RANDOM(1) [130,31
RANDCN41ZATION(29)[85,71[111,25J
[180,121 [180,241 [181,4][181,13
[182,4] [186,5] [186,9] [186,181 I
186,211 [186,221 [187,31 [187,51I
187,11] [187,22] [191,31 [191,101
[191,241 [192,21 [213,25] [215,15
[215,21] [241,241 [245,81[262,21
[262,41[263,191[272,241
RANDOMIZE[171,24][187,201[2C
8,4][224,20][256,91
RANOOMIZED(68)[31,4][32,1][32,5
[32,61[32,71[33,12][35,20][44,
121[111,61[111,25][115,15][11L
,10] [117,7] [116,25] [122,21] [12
3,11 [126,231 [127,2] [127,4] [122
,11 [128,41 [128,181 [128,221 [131
,61 [145,171 [155,91 [175,241 [17$
,11 [181,171 [181,19][181 ,221 [lf

JECT(l) [198,3]
prOliferatiOn [8,131 [46,10] [5
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9;~51 f194;201 [195,111 [1$7,211 ~
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[252,201 [253,21 [253,41 [254,141
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RANDOMIZING [219,211 [327,181
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RANGE(4) [15,61 [48,101 [285,181 [:
01,181
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IEACTIVITY(2) [47,191 [57,1]
lEAO(l)[l ,201
IEADILY(3) [47,14] [134,16] [325,1
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,171 [244,15] [245,15] [246,81 [2(
6,16] [248,23] [249,121 [250,171

RECENT(8) [5,7] [55,161 [126,71 [1?
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[36,231 [69,121 [179,13] [180,19:
[189,21

SECONDLY(1) [84,201
SECRETE(1) [3,141
SECRETION(1) [3,211
sECTION(4) [8,181[138,111 [138,1~
[226.221

SECTIONS(4) [137,131 [137,141 [13;
.171 [138.161

siDATEo( 1j[208,121
SEDATION (2)[181,101 [186,14I
SEE(1OI)C3,19I [4,21[13,141 [18,:
[18,41 [18,81 [28,31 [29,161 [33,(
[35,211 [39,191 [40,23] [41,21 [4:
,151 [45,15] [48,121 [48,131 [48,:
01 [50,101 [55,41[55,151 [65,221
73,221 [77,111[79,121 [79,251 [8
,61 [84,121 [85,71[88,121 [103,2
[106,7] [106,9)[111,171 [112,151
[117,231 [128,251 (129,11 [129,21
[149,221 [152,24] [153,21] [155,’
O] [157,131 [164,21 [167,24] [168,
211 [169,151 [170,181 [170,251 [Ii
1,181 [172,11 [186,101 [187,111 [’
89,61 [189,131 [196,231 [203,241
204,161 [204,181 [210,141 [210,2
[211,161 [212,11[212,19] [213,2:
[214,71 [214,241 [221,211 [225,1(
[227.61 [228,61 [231,201 [233,101
[233;191 [23~,11 [235,1] [237;231

[245,211 [246,141 [247,221[253,’
4] [263,24] [271,20] [276,24][28’
,81 [282,2][282,11] [287,4][289,
25] [312;6] [317;4][321,12][322;
13] [323,25] [327,11] [328,2][32[
,31[329.161 [332,61[339,161

SEE ING(10) [45,161 [51,241[59,221
[146,41 [152,171 [177,31[261,181
[272,111 [288,241 [296,211

SEEKING(1) [80,81
SEEM(10) [67,13] [88,71[135,71 [2(
0,19] [214,20] [238;4][273;41 [2[
6.171 [292.251 [301,241

SEEMED(3) [238;i61[262,91[286,81
SEEMS (19) [49,161[109,181[140,51
[141,241 [144,11 [148,221[148,2:
[159,101 [167,10] [168,191[172,f
[198,201 [239,101 [257,201[284,1
7] [292,20] [292,21] [293,61[316,
101

sEEN(37) [4,10] [6,141[6,161[33,7
[52,221 [57,41 [71,231[75,241 [7C
,101 [89,231 [106,3] [118,251[13C
,61 [133,31 [145,161 [170,171[19C
,151 [192,21 [204,11[245,251[24t
,31 [247,111 [247,251 [253,51[265
;221 [2ti,25] [276,251[280,171 [2
80.201 [282.201 [282,231 [283.31 1
288,231 [289,3j [292;251 [307;51 I
337,211
sEEs(2) [48,171 [239,181
SEGMENTS(1) [138,51
SEIZE(l) [309,191
SEIZURE(1) C211,81
sEIzuREs(6) [180,191 [192,61[193,
12] [210,3] [212,173 [244,81

SELECT(1) [319,21
SELECTED [21,221[21,241[45,91
[100,141 [172,121

SELECTION(2) [250,161[253,131
SELECT IVE(11)[105,23I [106,31 [lC
7,251 [109,9] [111,41[112,181 [11
3,11] [137,24] [144,231[226,201 [
227,241 “ -

sELEcT1vELY(4) [17.191[68,91[111
,16] 1138,21 ‘- - “

SELECT 1VITY(2) [251,211[252,21
SELF(5) [302,24] [304,91[305,121 [
327, 16] [335,231
SELF- FULFILL ING(l) [155,211
SEMI -CONCRETE(1) [79,!31
sENo(4) [74,3] [76,1][295,221[331
,251

SENIOR(1) [184,6]
SENSE (15)[18,151 [37,91[59,111 [8
8,13] [115,25] [120,61[125,211 [1
57,31 [158,23] [166,101[223,181 [
225,31 [299,41 [299,101[305,111

SENSITIVE(2) [18,141[265,91
SENSORY(I) [193,111
SENT(2) [252,111 [252,121
SEPARATE(9) [25,191 [145,4][229,2
01 [266,9] [292,101[292,111 [296,
25I [302,51 [333,131
SEPARATELY(1) [297,161
SEPSIS(23) [21,91[21,91[24,201 [3
1,131 [31,141 [34,101[36,41[36,1
51 [52,71 [67,21[67,31[67,51[68,
221 [73,181 [84,241[91,151[102,9
[107,11 [180,41 [281,161[288,2] [
322,161 [323,21
SEPTATION( 1)[51 ,151
SEPTEMBER(2) [31,21[207,211
SEPTIC(2) [50,81 [~,201
SEQUELAE(ll) [43.81[162.11[194.1
01 [213,71 [245,i81[249;181 [268,

171 [313,161 [313,171 [313,181 [31
4,31
SEQUENCE(1) [297,5]
SERIWS(4) [69,19] [93,19] [280,1[
[280,111

SERVES(2) [53,201 [334,51
SERVICE(1) [126,141
SERVING(2) [327,161 [335,23]
SESS1ON(2)[1,5I [94,20]
SESSLER(21) [84,151 [221,11 [257,’
[284,21 [287,91 [287,171 [300.10:
[300;171 [306,131 [306,161 [3i7,
[318,141 [321,241 [322,171 [323,;
[329,191 [330,221 [330,25] [331,!
[332;111[333;11 - ‘

SET(21) [6,31 [7,11] [10,141 [14,1;
[24,41 [29,11 [39,251 [78,20] [10;
,71 [165,181 [171,161 [201,1] [20(
,111 [209,151 [219,51 [241,201 [2;
1,19] [300,251 [30i,10] [3i6,221 I
333,251
SETS(1) [262,14]
SETTING(23) [46,21 [46,141 [49,171
[50,111 [51,41 [53,171 [54,11[54,
21 [55,231 [64,2] [97,2] [98,2][9[
,10] [100,4] [100,8] [104,11] [104
;211[105;211 [106,11] [li0,2][ll
3,161 [168,151 [201,9]
SETTINGS(lO) [47,1] [47,16] [49,11
[64,251 [99,211[163,201 [163,231
[164.21 [209,61 [341,91

SETTLE(1) [306,111 -
SETTLEO(l) [165,201
SEVEN(20) [12,91 [12,101 [183,221 I
183,251 [190,21 [194,201 [195,51I
195,111 [195,14] [195,16] [196,14
[196,151 [197,73 [197,211 [197,23
[198,161 [246,91 [246,201 [298,21
[306,11

SEVENTY-EIGHT(1) [207,11]
SEVENTY- FIVE(1) [233,151
SEVERAL(10) [26,1I [121,11 [127,31
[132,101 [132,251 [138,17’3[212,4
[226,191 [276,71 [335,101

jEVERE(45) [20,181 [20,201 [21,611
32,201 [33,51 [33,17] [33,19] [35,
111 [38,151 [38,151 [39,51 [42,231
[43,101 [44,231 [50,161 [50,171 [5
2,51 [59,16] [59,21] [95,15] [102,
51 [102,12] [102,17] [102,24] [103
,191 [104,101 1104,131 [105,7I [lC
6,10] [109,131 [111,1][112,161[1
14,241 [122,241 [126,241 [127,111
[130,251 [172,241 [193,51 [193,81
[229,61 [232,61 [240,11 [248,101 [
260,141
;EVERELY(3) [87,171 [111,20] [240,
31
3EVERITY(9) [29,9] [92,251 [95,241
[96,231 [110,91 [123,251 [204,101
[309.91 [309,131
jHAKY(l)[30,24]
IHAPE(4) [67,191 [204,101 [320,71I
338,31
;HARE(3) [28,241 [262,151 [305,111
;HED(4) [198,1] [271,21] [294,7][3
26,211
jHEEP(3) [11,17][11 ,19] [12,24]
IHEEP1S(2) [11,211 [11,25]
$HEETS(l) [120,141
jHERPAS(l)[f3,22]
;HIFT(l) [54,41
$HIFTS(l) [57,23]
:HOCK(3) [50,8] [295,221 [296,171
SHORT(7) [3,101 [17,24] [44,91 [76,
8) [80,141 [167,11 [173,251

j --WO, 161 [269,251 [290,31 [290,15
,91 [304.16] [309,21] [310.12
.,11][315,2] [319;61 [335,31 [

~ --#.121 [340.51 [340.151 [340.211

I c340,221[34i ,13] - “
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;HDRT-(1)1268,221
$H6RT-~ERM(5 )~4,121 [190,231 [191
‘“-”!194,6] [232,121

t(2) [6,251 [l19,71

I 2(5) [76,211 [77;41 [84,81 [2
‘4Y,131 [3I8,1OI
SHORTEST(1) [27,91
SHWLDN’T(6) [89,121 [174,241 [267
.211 [298.221 [310,131 [315,201

S~OU(~2)[i5,11] [24,71 [33,i81 [37
,11 t37,221 [40,111 [40,181 [41,1f
[43,141 [45,111 [47,151 [47,201 [i
4,2] [107,17I [107,191 [124,161 [1
31,71 [132,171 [140,231 [147,161 I
153,31 [163,251 [170,151 [181,61 I
191,21 [202,51 [205,161 [216,171 I
218,201 [220,51 [263,141 [276,71 I
283,11 [288,241 [312,151 [314,241
C315,31 [315,131 [320,151 [327,2(
[329;51 [332;151

SHOUED(33) [12.61 [16.141 [23,21 [2
3,151 [23,181[24,141 [24,151 [24,
181 [24,201 [24,231 [25,31 [26,41 I
26,191 [33,141 [44,221 [54,141 [9?
,11 [107,41 [108,171 [122,181 [124
,111 [129,191 [153,191 [170,81 [lE
5,7Y [224,15] [224,151 [276,141 [2
85,111 [285,221 [287,8] [294,91 [2
94,231

IsHoiIING(21)[22,91 [48,81 [56,151 I58.61 [103,141 [103,17I [104,31 [1
09;181 [113,101 [12~,41 [124;73 [1
24,101 [141,171 [188,211 [202,211
[220,181 [237,1511276,21 [277,51
[281,41 [313,21

SHWN(33) [12,41 [18,251 [26,11 [43
,21 [44,241 [46,71 [52,11 [52,1OI I

-=> 13] [53,5] [97,23] [128,161 [17
-1[185,141 [191,21 [191,51 [15

L J[211.161[211.171 [211.181[

1“~L<,4i[21~,71 [225;11 [232,i51 [2
32,171 [232,231 [233,31 [234,51 [2
64,21 [264,31 [2~,81 [299,181 [3C
3,41
SHOUS(19)[15,1O] [15,121 [21,191 I
40,161 [44,131 [52,14] [52,151 [85
,31 [95,51 [98,71 [108,41 [109,231
[111,241 [112,71 [113,11 [131,181
[132,131 [212,61 [299,73

SHRINKING(l )[121 ,31
SHUNT(17)[I7,1OI [17,111 [17,251 [
20,201 [104,151 [109,61 [109,251 [
110,81 [180,181 [239,41 [239,111 [
239,151 [240,221 [257,23] [258,14
[310,241 [311,11

SHUNTING [17,221 [44,6] [97,16
[98,1] [98,9] [98,171 [99,1] [99,4
[99,111 [99,211 [99,251 [1OO,6I [1
00,12] [100,20] [100,241 [101,7I [
101,18] [104,12] [105,15] [105,22
[108,111 [108,121 [109,6] [110,11
[111,31 [217,121 [217,131 [238;25
[239,121 [242,20] [242,211 [258,1
81 [258,19] -
SHUNTS(10) [98,5] [98,13] [99,5] [1
06,1] [207,9] [217,10] [242,11] [2
57,16] [258,121 [260,101

SHY(1) [189,71
SIBLE(l) [22,81
SIBLINGS(l )[133,1OI
SICK(14) [15,231 [19,241 [56,11 [11
“ 23][165,6] [165,11][173,4] [20

‘ [204,141 [293,1] [295,51 [295

SIDE(10)[9,12I [46,161 [51,11) [55
,12] [72,17][97,181 [105,21 [128,
71 [139,11 [335,31

sIoEs(l)[166,1il
SIGHT (1)[196,211
SIGHTS(1) [1O,15I
SIGNAL(5) [7,161[65,81[197,81 [31
6,151 [327,91
SIGNALLING( 1)[160,61
s1GNIFICANCE(8) [185,81 [189,161 I
195,251 [196,11[249,31 [249,91 [2
74,ti [318,221
SIGN IFICANT(68) [20.201 [26,231 [3
3,231 [37,11[37,12j[40,41C40,1C
[40,171[41,71 [43,41[43,51 [43,2
11[43,231[44,161 [44,181 [46,171
[48,141 [51,11][53,51[55,201 [56
,4I[57,51[65,11[66,221 [72,231 I
79,211 [79,251[96,61[112,91 [113
,15] [113,25] [189,411189,111 [15
0,8] [191,51 [193,131 [197,81 [195
,15] [199,191 [203,221 [211,201 [2
14,173 [215,11[216,121 [218,121 I
220,61 [222,101 [222,221 [223,121
[227,181 [228,101 [232,171 [232,2
01 [233,11[23~,21 [234;61 [238,11
[245,121 [245,201 [246,21[246,61
[247,7’I[250,31 [257,51[264,51 [2
97,8] [320,23I [336,101

SIGNIFICANTLY( 10)[3,191 [41,101 [
50,41 [57,231[114,21 [144,31 [165
,2] [188,101 [190,61 [231,91

SIGNIFYING(l )[93,31
SILLY(1) [166,151
SIMILAR(31) [15,111[32,111 [48,21
[89,41191,201[127,121 [154,211 [
173.101 [184,231 [184,241 [193,21
[193,23] [193,241 [205,701 [210,1
51 [214,31[214,81 [217,81[221,13
[225,111[235,221 [245,251 [246,5
[246,231 [247,221 [247,251 [248,6
[254,201 1254,221 [280,!81 [282,1

SIHILARITY(l )[203,221
SIMILARLY(6) [4,41[191,101 [211,2
21 [245,141 [247,201 [248,31
SIMPLE (7)[11,121 [140,191 [148,13
[157,19) [174,241 [176,21] [291,1
01

SiilPLIFY(l)[308,141
SIMPLY(15) [41,31[43,121 [96,151 [
97,171 [100,61[137,211 [159,101 [
160,51 [166,171 [213,221 [214,211
[239,181 [261,61 [301,231 [341,13

SINCE (18) [2,2][6,81[6,101[7,181
[8,21[9,101[12,31[15,251 [21,23
[27,51 [27,81[27,14] [71,41 [120,
14] [140,5] [187,10] [263,61 [316,
11

s1NGLE(13) [96,161[128,41 [134,21
[201,23I [206,91 [207,201 [266,11
[266,51[274,31 [323,131 [336,181
[336,1S1 [336,221

SIT(3) [13,221[282,81 [295,24]
SITE(4) [li9,21J[1~9,221 [134,211
[184,21

SITES(5) [14,121[127,31 [127,41 [1
84,31 [246,121
SITS(1) [166,21
SITTING(3) [295,241 [300,221 [334,
151

SITU(1) [57,161
SITUATION(ll )[39,151 [136,211 [15
1,24] [166,23] [167,141 [268,211 [
281, 18] [326,3][326,151 [334,21 [
338,3 I

1,241 [296,121 [326,51
SIX(15) [9451[117,211 [128.61 [15C
,9][193,7] t193,i3] t195,i4] [196
,151 [197,22] [209,12] [212,41 [21
7,191 [259,91 [295,131 [302,181

SIX-HOUR(1) [183,21
sIx-To-ONE( I)[302,161
SIZE(5) [83.14] [83,17] [83,181 [17
9,101 [246;11 - -

SIZEABLE(l )[322,241
SIZEO(2) [66;5] [87,24]
SKIMMING [275,231 [275,23)
SKEPTICAL( 1)[317,31
SKEPTICISM( 1)[162,15J
SKILLFULLY(l) [7.111
SKIN(1) I139,91 -
SKIP(2) [243.81 [243.121
SKIPPED(1) [286,241 “
SKULL(1) [9,111
SLAM(5) [304,91 [305,111 [308,11 [3
08,31 [316,181
SLAP(1) [176,241
sLIDE(34) [7,221 [19,211 [43,101 [4
5,111 [51,31 [52,131 [98,71 [103,1
3] [108,5] [111,24] [112,8] [123,2
31 [124,161 [153,21 [153,191 [171,
8] [179,25] [181,6] [185,14] [190,
15] [191,2] [191,11] [192,2] [194,
251 [199,251 [206,171 [207,21 [212
,61 [224,11[264,191 [285,101 [286
,31 [294,81 [294,201

SLIOES(15) [21,171 [51,231 [117,11
[129,161 [147,161 [203,191 [225,8
!237;141 [243,121 [243,161 [261,2
[261,191 [263,141 [265,71 [297,16

SLIGHT(4) [40,16J [66,211 [113,51 [
240,181

SLIGHTLY(4) [14,51 [37,41 [114,171
[245,101

SLOU(4)[31,5J [31,71 [71,6] [119,6
SLDULY(l )[322,7)
sMALL(27) [26,161 [26,241 [54,101 [
60,81 [66,161 [102,111 [103,161 [1
04,23] [106,51 [106,8] [108,7I [10
8,7I [112,13] [116,131 [132,61 [13
5,101 [135,131 [143,131 [148,101 [
207,8] [213,161 [243,81 [249,81 [2
53,22I [268,91 [273,31 [324,241

SMALLER(4) [80,2] [128,11[153,171
[247,151

SMART(1) [71,15]
SMOKE (4)[13,171 [13,181 [13,181 [1
3,191
SMOKES(1) [13,14]
SMOKING(3) [13,151 [13,221 [19,121
SMOOTH(6) [8,9] [10,51 [45,51 [45,1
51 [46,9] [57,141

SNICKER ING(2)[296,11 [296,21
SO-CALLEO(3) [56,81 [57,21 [92,171
SOCIETY(l) [328,31
SOCKS(1) [15,81
SOOA(1)[11,1O]
SODIUM(2) [8,201 [44,31
SOLD(3) [13,51 [13,71 [175,251
SOLELY(I) [28,241
SOLIOS(l) [6,151
SOLUBLE(5) [7,241 [7,251 [8,21 [8,2
[8.41

SOLUTION (2)[9,4I[I61,14I
SOLVE(1) [156,13]
SDMEBOOY(9) [73,151 [75,151 [137,1
01 [150,41 [266,51 [319,31 [320,20
[332,191 [339,91

SC+4EBODY’S(1) [285,51 ‘
SOMEHOU(2) [140.51 [253,121
SOMEONE (2O) [67;221 [77;161 [80,22

[134,31 [134,111 [150,81 [160,61[
160,241 [167,5] [168,8] [175,21[2
05,151 [251,81 [304,111 [305,71 [3
05,13] [312,211 [314,231 [321,41[
321,18]

SOMETIMES(6) [43,13] [131,20] [14!
,19] [150,161 [150,173 [341,10]

SOMEWHAT [37,61 [73,11[73,181I
203,51 [247,151

SOMEWHERE [10,22] [80,2!] [159,
111 [217,151 [322,231

SOON(3) [72,91 [182,11 [327,9]
SORRY(3) [216,251 [285,41 [306,231
SORT(24) [5,14] [53,221 [69,1] [71,
7] [83,25] [85,221 [93,61 [118,41I
166,121 [168,61 [228,221 [244,141
[251,111 [263,31 [271,171 [277,22
[290,191 [309,111 [325,241 [325,2
4] [327,22] [331,18] [334,13][334
,20]

SORTING(1) [118,5]
SORTS(4) [62,21) [73,15] [81,71[25
0,25]

SWGHT(1)[11O,25I
SWL (1)[273,23]
SDUNO(l) [317,81
SWNOED(1)[134,201
SOUNOS(7) [164,12] [165,1] [196,20
[225,251 [291,171 [322,251 [341,2

StiRCE(l )[309,101
SPACE(5) [45,41 [45,121 [51,181[10
6,11] [117,31
SPARE(1) [200,231
SPASM(1) [17,161
SPEAK(4) [95,2] [97,10] [161,21] [3
22,171
SPEAKERS(2) [51,91 [133,171
SPEAKING(1) [96,19]
SPECIAL IZEO(l) [253,111
SPECIALTY(2) [142,20] [152,2]
SPECIES(I) [142,251
SPECIF1C(16) [1,91[1,101 [54,11[6
2,231 [81,231 [92,201 [114,8] [134
,61[134,151 [148,9] [148,14] [157
,25I [186,131 [240,25] [248,1][31
6,25I
SPECIFICALLY(18) [37,15] [41,91[4
2,11 [90,21 [91,241 [107,251 [133,
181 [182,18] [192,5] [223,14] [251
,10J [261,101 [261,141 [262,41 [29
7,11 [306,81 [315,151 1325,121
SPECIFY(2) [180,251 [186,51
SPECIMENS( 1)[314,201
SPECTACULAR(1) [165,221
SPECTRAL (1)[96,1OI
SPECTRUM(1) [29,101
SPECULATED(1) [212,151
sPEND(3) [140,161 [225,71 [302,131
SPENT(7) [13,251 [14,31 [17,31[25,
241 [203,121 [261,21[302,181
SPIRIT(1) [221,51
SPOKE (1)1137,241
SPONSOR [4,181 [6,19] [7,41[31
0,21 [318,31 [321,9] [325,201 [325
,23I [326,51 [326,81 [326,121 [326
,17] [327,81 [327,131 [327,241 [32
9,121
sPONSOR’S(2) [6,141 [320,171
SPONSOR ING(3 )[328,7] [328,8] [328
,91

SPONTANEWS( 1)[154,181
SPOT(2) [86,161 [87,71
ST(4) [265,241 [265,241 [268,201 [2
69,161
STABILIZEO(2) [259,11 [259,241

J[296;201 [296;201
~=.~KER(4) [93.41 [187.221 [206,201
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sTABlLIz1NG(l)[177#91

.

151 [316,121 r3i9,9]’ - -”
, -_,;(4) [15,51[123,3] [216,91 [2

lsTAYING(l )c181.201

STABLE(1) [122;111 -
ST“--~2)[197,131 [226,131
1 :~[~filll[29,11[48,201 [2i3

STA”GS(l ;[338,111
STAINED(1) [3,251
STAIN 1NG(3) [4,31[53,121 [103,2I
STANCE(1) [300,221
STAND(6) [38,4][55,21[162,51 [26/
,21 [298,51 [299,211
STANDAERT( 1)[1,231
STANDARD(7) [43,191[166,s1 [175,:
11 [204,251 [254,71[256,31 [267,‘

S;~NDARDIZATION( 1)[32,221
STANDARDIZED(4) c30,81[120,141 G
44,171 [246,101
STANDARDS(8) [35,201[41,171 [203,
14] [206,11] [267,22][270,21 [331
,21] [347,91
STANDING(3) [339,21[339,41 [339,!
STANDPOINT(2) [7,101 [8,151
;TANFORD(l )[184,201
STAR(1) [244,181
START(11 )[30,211[75,131 [135,24:
[176,231 [195,221 [252,221 [267,;
4] [294,3] [324,111[329,21 [335,~
STARTED (2O) [12,151[13,241 [14,61
t31,51 [32,121 [74,221[187,141 L
02,9] [204,?11[204,111 [206,211
236,31 [241,61 [245;91 [270,131 G
71.251 [273,161 [276,21 t336,11 C
40;31 - -
START 1NG(4) [238,201 [264,91 [281(
81 [320,71
STARTS(1) [195,181
?X”7C.(14)[21,191[22,161 [71,81 [f

‘[129,81 [129,181 [142,121 [i
[309,51 [309,91[311,41 [31’

, .*J[320,41 [334,111
STATED(5)[127,11[179,51 [187,8] i
301,91 [319,101
:TATEMENT(9) [142,18] [148,131 [1;
0,51 [285,61 [299,241 [305,141 [3(
6,3 I [307,111 C341,211
STATEMENTS(1 )[2,81
;TATES(20) [24,5][87,161 [91,16] I
102,201 [117,10][121,19] [122,1;
[124,161 [124,181[129,11] [132,!
6] [133,3] [151,6][151,22] [152,!
[262,11[262,161[262,191 [262,2?
[265,71
;TATING(l) [307,151
STATISTICAL (9) [34,11] [185,8] [1$
5,25] [220,201 [223,11 [247,18) [:
04,21 [318,221 [336,171
;TATISTICALLY(24) [33,231 [37,111
[40,10] [LO,1~ [60,9] [66,22] [7S
,20] [123,12] [129,22] [130,1] [1S
9,18] [211,20][216,111 [218,111 I
222,181 [223,12][245,12] [245,2C
[246,21 [247,71 [250,31 [264,5] [?
20,221 [336,10]
;TATISTICIAN( 1)[198,21
iTATIsTICIANS(2 )[130,41 [201,191
;TATISTICS(2) [121,141 [136,91
)TATUS(5)[79,31 [160,11 [167,251 1
247,141 [303,14]
;TAY(15)[11,16][27,9] [72,12] [74
,73 [74,14][75,8][75,91 [75,191 [
Z_201 [164.11[170.161 [179.171 I

STAYS(2) [75,141 [280,61
STEAL(3) [17,201 [138,141 [142,141
STEALING(1) [138,81
STEER ING(1)[123; 141
STEM(1) [330.151
STEP(8) [10,iOl[10,101 [48,251 [1(
5,41 [167,11 [176,31[229,231 [27[
,91

STEPPING(1) [278,61
STEPS(I) [49,11
STEROIDS(2) [92,71[191,41
STEVE(1) [42,141
STICK(3) [30,251 [207,51 [333,161
STIFF(1) [109,19I
STILL(43) [28,31[41,251 [60,191 [t
0,241 [67,91 [73,131[75,161 [77,{
[97,251 [117,61 [121,8] [125,31 [1
25,71 [137,11 [183,31 [192,221 [1$
5,251 [199,201 [206,61 [206,61 [2(
6,25] [207,61 [219,211 [227,131 [:
29,181 [234,171 [254,131 [255,21 I
256,201 [259,251 [268,121 [269,41
[269,51 [281,191 [291,231 [293,41
[293,15] [301,181 [307,11 [307,31
[321,121 [322,231 [324,61

STIMULATED(1) [3,121
STIMULI (I)[52,31
STOP(12) [115,61 [137,91 [205,201 I
205,221 [205,251 [224,141 [231,81
[231.151 [263.181 [280.61 [336.22
i337;181 - ‘- - -

STOPPED(7) [31,71[31,91 [123,141 [
182,251 [200,191 [274,31 [299,131

STOPPING(4) [201.221[223.191 [224
,nt252S- - ‘- - ‘-

STOPS[l) [13,151
STORE (1)[11,81
STORY(2) [17,241 [255,201
STRAIGHTFORWARO(l )[134,211
STRAIN (3)[23,41 [25,151 [27,231
STRATEGIES(6) [109,16I [115,4] [14
4,191 [260,231 [271,171 [314,121
STRATEGY(8) [36,13][111,51 [181,5
[213,191 [240,251 [241,11 [242,21
[242,91

sTRATiFIcATJoN(l) [310,31
STRATI FIED(l) [182,51
STRATI FY(2) [242,131 [310,91
STRATI FYING(l) [111,61
STRAUBE( 13) [243,181 [243,18] [249
,11[249,71 [250,1] [250,6] [250,1
21 [250,231 [251,21[251,51 [251,1
51 [257,171 [260,21
STREETS(I) [169,6]
STRENGTH(3) [73,5][144,181 [333,5
STRENGTHS(1) [181,61
STREP(1) [104,8I
STRESS(4) [46,201 [46,201 [52,171 [
57,171
STRICTLY(1) [222,141
STRIKES(1) [168,121
STRIKING(6) [43,121 [43,141 [103,1
71 [106,7I [122,77 [282,161
STROKES(1) [93,18]
STRONG(ll) [94,81[163,91 [169,21 [
264,111 [264,i41[275;51 [298;111
[299,241 [300.81[301.231 [334.71

STRONGLY(3) [162,251 [265,1] [326,
11
STRUCK(3) 1203,21] [255,16] [277,1
21
STRUCTURE(1) [135,191
STRUGGLING( 2)[71,41 [164,161
STUCK(1)[263,201
STUDIEO(10)[3,9] [12,3] [77,15] [1

9,211 [240,13] [278,251
STUD IES(104)[30. I2I [30,131 [31,t
[33,121 [42;6] [~6,3][4i,71 [48;4
[49,8) [50,21] [50,231 [51,21 [51,
31 [51,20] [51,251 [52,91 [54,81 [5
4,9] [60,16] [60,22] [61,4] [79,11
[123,91 [131,171 [133,11 [141,201
[146,31 [147,91 [149,91 [149,161 I
150,211 [154,16] [155,51 [158,131
[163,251 [171,131 [176,31 [178,1;
[213,12] [225,41 [226,191 [257,51
[257,221 [258,51 [258,121 [261,25
[262,161 [262,191 [264,71 [265,12
[266;41 [266,231 [267,31 [269,i61
[269.18] [269,221 [269,241 [271,1
21 [271,13] [272,5] [272,231 [2%,
61 [275,8] [275,111 [276,71 [276,2
01 [276,23] [276,25] [277,11 [277,
41 [277,121 [278,71 [284,31 [285,1
31 [295,18] [297,31 [297,111 [297,
13] [297,24] [299,23] [303,171 [3C
3,22] [305,3] [307,3] [313,141 [31
9,12] [319,13] [320,151 [323,141 [
323,161 [324,241 [326,81 [326,101
[326,131 [326,221 [329,31 [329,71
[330;141 [332;201 [333;101 [337,1
51 [337,171 [341,21 [341,31
STUDY(195) [11,211 [12,151 [24,241
[24,251 [27,11[27,21[27,121[30,
201 [30.201 [30.221 [31.41 [31.71 [
31;181-t32;il[34,6i [35#7i[3s,81
[35,191 [35,201 [35,231 [36,31 [36
,8] [36,9] [37,181 [37,191 [38,181
[38,211 [39,11 [39,31 [40,101 [41,
6] [41,12] [44,121 [49,121 [49,241
[51,131 [55,161 [55,23] [56,51 [60
,13] [60,14] [61,5] [64,13] [65,17
[65,181 [69,5] [73,171 [73,171 [73
,221 [80,131 [84,21 [93,2] [101,16
[110,201 [111,181 [116,131 [123,6
[124,201 [128,41 [129,191 [134,21
[135,111 [135,131 [141,131 [170,3
[170,81 [178,221 [178,251 [179,13
[179,16][179,241 [180,251 [181,3
[181,141 [181,171 [181,211 [181,2
31 [182,11] [182,19] [182,201 [182
,23I [182,25] [183,1] [183,41 [183
,51 [183,6] [183,81 [183,173 [183,
19] [183,22] [184,1] [184,21 [184,
31 [185,16] [187,51 [187,201 [187,
251 [188,7] [188,91 [188,121 [188,
19] [188,231 [190,3) [190,141 [190
,23I [191,11 [192,9] [192,141 [192
,15] [192,20] [194,16] [195,21 [19
5,41 [195,61 [199,1] [203,201 [205
,5][205,20] [206,9] [209,11 [209,
181 [210,23][211 ,11] [211,151 [21
3,2I [213,14] [213,14] [213,20] [2
14,41 [214,10] [214,121 [215,31 [2
16,161 [218,4] [218,91 [218,131 [2
18,181 [219,9] [221,111 [228,121 [
229,19] [229,21] [230,21] [231,15
[235,71 [236,121 [236,131 [236,13
[236,201 [240,231 [241,71[241,91
[242,31 [242,51 [242,51 [242,121 [
252,31 [253,21 [253,131 [258,41 [2
58,231 [258,241 [258,251 [259,71 [
259,201 [260,21 [260,3] [261,23I [
262,41 [266,14] [279,201 [279,211
[285,161 [285,201 [286,171 [292,2
11[298,11] [300,81 [300,111 [306,
41 [306,11] [306,16] [309,51 [313,
13] [313,20] [314,24] [316,171 [31
7,241 [318,41 [322,181 [326,251 [3
29,41 [329,11] [329,171 [336,20]

STUFF(8) [86,81 [274,9] [285,8] [2i
5,9] [285,15] [314,25] [330,221 [
36,16]
STYLE(1) [102,16I
SUBCLINICAL( 1)[136,51
SUBOUEO (2) [205,8] [205,121
SUBGRUIP(l )[218,24]
SU8JECT(1) [308,221
SUBJECTIVE(3) [75,101 [75,201 [19;
,31

SUBJECTS(2) [169,191 [195,151
SUBMITTED(1) [338,181
SUBSEQUENT(4) [15;25] [276,4] [31:
.131 [326.141

SUBSEQUENTLY(2) [3,121 [234,81
SUBSET(7) [95,141 [95,173 [102,111
[106,51 [114,121 [115,16] [134,2!

SUBSET -SPECIFIC( 1)[134,81
SUBSETS(5) [1OO,13I [134,41 [134,t
[134,151 [135,151

SUBSTANCE(2) [7,191 [10,241
SUBSTANCES(l )[1O,13I
SUBSTANTIAL(3) [221,9] [246,181fi
50,24]
SUBSTANTIALLY(3) [212,121 [247,1]
[249,111

SUBSTITUTE(3) [75,191 [277,15] [27
7,15]

SUBSTITUTION(1) [278,81
SUBTEXT( 1)[325,191
SUBTLETIES(1) [299,1]
SUBTRACT(1) [318,201
SUCCEED(I) [164,251
SUCCESS(3) [79,3] [121,22] [238,13
SUCCESSES(1) [279,241-
SUCCESSFUL(6) [128,181 [145.151 [2
30,101 [230,141 [234,231 [260,41
SUCCESSFULLY(1) [193,91
SUCCESSIVE(1) [222,31
sUCH(34) [2,1][2,14] [4,11] [21,8]
[21,221 [27,221 [30,21 [30,101 [34
,201 [42,251 [44,21 [44,81 [47,181
[58,251 [62,251 [81,!41[82,31 c9C
,11 [90,173 [92,161 [93,81 [99,211
[152,91 [162,51 [163,16] [276,24]
[290,91 [305,211 [309,121 [316,1C
[321,151 [328,23] [330,1] [333,24

SUCHTYA(I )[26,19)
SUCTIONEO(l )[120,21
SUDDEN(1) [328,201
SUDDENLY(1) [22,141
SUFFICIENT (5)[58,211 [86,10] [297
,7]t303,7]c340, i9]

SUFFICIENTLY(2) [75,41 [324,91
SUGGEST(23) [4,131 [55,81 [76,171 [
88,7I [122,13] [125,111 [128,111 [
129,251 [132,71 [138,18] [138,191
[139,221 [155,31 [170,111 [178,11
[202,191 [251,201 [290,71 [292,11
[305,31 [306,111 [315,17] [330,21

SUGGESTED(18) [51,231 [54,19] [54,
231 [79,111 [121,161 [122,231 [136
,251 [171,81 [183,71 [196,25] [205
,151 [227,23] [228,12] [265,41 [28
1,24I [285,131 [294,22I [338,31
SUGGESTING [50,23] [53,161 [54
,71 [90,31 [204,141 [213,101 [225,
181 [241,131 [263,181 [280,211 [29
4,21] [304,241 [309,23I
SUGGESTION(2) [287,31 [303,131
SUGGESTS(3) [249,31 [305,51 [306,1
SUITABLE(1) [202,121
SULLIVAN(1) [53,9]
SUMMARIZE(2) [225,81 [243,131
SUMMARIZED (1)[327,71
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SUWARIZES(l )[113,131
SUMJ&lRY(ll)[4,81 [t28,211 [212,2:.—-——_251 [243,81 [243,121 [247,21

. 1311263,131 [297,16] [305,1

SLMATION(l )[201 ,161
SUPER(5) [47,241 [53,211 [80,201 [5
8,221 [99,10]

SUPER-SYSTEMIC(1) [240,41
SUPERIOR(1) [208,11
SUPERIORITY( 1)[77,221
SUPEROXIDE( 1) C3,211
SUPPLANTING(1) [145,191
SUPPLEMENT(1) [10,81
SUPPLEMENTAT 10N(1)[30,31
SUPPORT(2O) [22,191 [27,241 [34,22
t35,151 [69,121 [90,73 [94,91 [11(
,251 [159,16] [159,221 [186,111 [1
86,11] [191,171 [208,131 [292,173
[300,71 [313,101 [317,231 [318,2]
[331,211

SUPPORTED(2) [316,31 [317,211
SUPPORTING(1)[16O,1OI
SUPPORTIVE(6) [298,81 [299,201 [3C
0,31 [301,201 [303,151 [316,231
SUPPORTS(4) [115,221 [299,101 [295
,141 [341,141

SUPPOSE(6) [13,211 [74,81 [74,181 [
289,191 [301,173 [335,241

SUPPOSE [195,71 [272,21 [331,2
51
SUPPRESSION(1) [80,191
SUPRA(3)[105,13I [110,11 [114,161
sURE(31) [19,71 [59,221 [61,51 [69,
141 [75,121 [75,211 [75,241 [81,61
[82,21 [82,151 [83,81 [86,221 [94,
121 [131,191 [131,24] [158,241 [16
‘r 11 [207,51 [237,121 [238,31 [25

[255,211 [278,111 [289,131 [
fl[304,151 [304,211 [307,31 [

SLY, 181 [339,251 [340,71
SURELY(1) [205,201
SURFACE(2) [51,191 [202,211
SURFACTANT(46) [16,181 [46,211 [51
,73 [102,161 [103,211 [103,241 [10
6,221 [116,9] [116,131 [116,171 [1
18,181 [119,1] [121,51 [123,61 [12
7,101 [127,131 [128,21 [128,61 [12
8,161 [128,19] [128,191 [129,51 [1
29,131 [131,171 [143,21 [143,41 [1
45,24 I [173,231 [181,111 [181,121
[186,151 [186,161 [191,31 [199,14
[200,61 [229,181 [231,171 [244,15
[244,211 [250,173 [252,151 [252,2
4] [279,9] [279,19] [309,4] [309,6

SURFACTANTS(2) [135,81 [200,111
SURGEONS(5) [15,4] [319,19] [319,2
31 [329,151 [329,161
SURGERY(1) [239,221
SURGICAL(5) [29,15] [176,22] [320,
251 [321,11[328,31

SURPRISE(1) [53,21
SURPRISED(2) [287,191 [329,20]
SURROGATE [64,181 [65,7] [69,2
4] [70,31 [70,101 [70,171 [70,171 [
70,23] [74,13] [75,3] [75,7] [90,1
9] [93,20] [93,23] [94,1] [94,4] [1
30,141 [132,231 [133,221 [137,21 [
158,23] [159,23] [159,24] [160,9]
[161,161 [165,141 [166,31 [174,11

SURROGATES(2) [65,11] [290,101
V.-IICy(2)[306,173 [322,24]

VAL(34) [24,23] [50,9] [50,11
13] [50,15] [52,11] [52,21] [5

--,JI[53,6] [62,121 [67,22] [90,17
[103,61 [103,11] [120,191 [120,21

41 [123,251 [124,111[124,131 [12!
,21 [130,191 [130,201[143,41 [14:
,71 [157,31 [1%$,91[257,31 1268,i
21 [315,91 [319,72

SURVIVE(6) [6,24][62,41[62,41 [G
,5] [82,91 188,141

SURVIVES(1) [62,81
SURVIVING(l )1191,221
SURVIVORS(3) [124,41[124,61 [125(
n

SUSPECT(2) [83,161[311,51
SUSPECTED(3) [180,41 [186,11 [229,
121

SUSTAIN (4)[107,11I [109,81 [110,:
51 [113.181

SUSTAINED [44,91[44,151 [44,i
51 [107,161 [108,141 [109,11 [113,
31 [113,61 [114,221 [208,11 [211,i
51

SUANN-GANTZ(3) [11,191 [12,191 [1:
,101

SUEDEN(l) [12,181
SWINE(l) [24,201
SUITCH(l) [259,191
SWITCHEO(l )[1O8,15I
SWITCHING( 1)[111 ,91
SWORE (1) [320,11
SYMMETRICAL( 1)[198,151
SYMPTOMATIC(2) [86,191 [87,11
SYNCHRONIZEO(l )[116,11
SYNDROME [21,81[21,141 [29,41
[29,51 [29,111 [52,61[62,161 [66,
21] [80,71 [80,91[92,121 [95,111 I
95,11] [97,41[97,71[100,161 [10;
,8] [102,91 [102,141[102,221 [10:
;5] [103;161 [104,31[113;141 [Ill
,161 [121,61 [121,221[127,211 [12
8,3] [135,101 [143,3)[143,51 [18[
,31 [185,251 [186,11[231,251

SYNDROMES [92,171 [92,241
SYNERGISTIC(2) [118,131 [279,181
SYNTHESIS(1) [67,161
SYSTEM(4) [1O,19I [92,231[182,51 I
273,51

SYSTEMATIC( 1)[191,81
SYSTEMATICALLY(1) [207,221
SYSTEMIC [10,111[12,21 [12,41
[16,101 [21,81[44,51[98,221 [99,
101 [100,7’2[101,21 [101,101 [105,
141 [105,171 [110,11[114,161 [227
,101 [227,221 [228,131 [228,171 [2
28,201 [229,6] [229,181 [231,9I [2
31,131 [231,141 [232,61 [232,131 [
234,121 [235,81 [235,10] [238,7] [
284,71 [286,231 [286,251 [288,171
[289,211 [290,73 [290,81 [290,171
[291,71 [291,131 [292,41

SYSTEMICALLY(1) [24,6J
SYSTEMS(5) [30,81[85,51[92,25] [1
52,101 [292.41
SYSTOLIC(3) [23,91 [99,81 [240,81
======= ==s=================== ==
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======= ======= ========.===== ==.
TABLES(I) [60,41
TACHYPNEA(2) [95,131 [96,18]
TACKLING(1) [92,111
TAKE(51) [11,7][16,16] [19,23] [20
,18] [51,16] [60,91[61,15] [65,21
[67,172 [74,61[74,131 [76,21 [80,
15] [82,14] [86,171[86,18] [87,13
[93,111 [94,81[94,171[112,241[1
18,41 [120,17] [133,161 [136,2] [1
45;9] [146;12] [151;11[152,15] [1
59,14] [167,131 [168,181 [194,131

[253,21 [260,91 [266,71 [272,231
275,201 [282,91 [284,81 [296,181
300.221 [305.81 [307.231 [312.11
312;21[319, i21 [322;121 [328;23:
[337,21 [341,161

TAKEN (10) [6,11I [30,7] [78,19] [1[
3,21 [210,91 [309,201 [313,231 [3:
0,141 [328,241 [340,231

TAKES(6) [96,5] [142,191 [162,161
172,21 ][1%,3][ 176,221 -

TAKING(13) [121,21] [137,14] [138,
10] [140,12] [148,15] [175,171 [l;
7,121 [220,172 [239,151 [248,221
296,41 [328,201 [332,231

TALK(24)[1O,1] [18,201 [45,111 [4i
,21 [47.31 [88.15] [95,51 [95,91 [$
6,111 [96,111 -uo7#181[115, ill[’
16,101 [133,231 [133,231 [134,171
[147,21 [147,81 [196,191 [205,21 I
236, i6] [263;151 [263,15] [278,1(

TALKED(11) [56,1] [137.11] [163,1t
[203,191 [256;121 [262,121 [299,‘
91 [308,211 [315,211 [336,51 [336,
131

TALKING(26) [8,19] [29,1][63,41 [[
6,211 [88,211 [101,191 [102,31 [1;
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177,231 [177,251 [178,21 [254,231
[255,81 [260,131 [263,61 [283,111
[283,191 [283,211 [283,211 [285,1
9] [323,241 [324,61 [334,161
TALKS(3) [127,24] [133,24] [133,2:
TANK(1) [70,21
TANKs(2) [184,131 [184,141
TARGET(6) [68,21] [114,81 [118,111
[181,9] [257,11 [272,11

TARGETEo(4) [118,16] [118,19] [11<
,91 [129,72

rARGETING(2) [9,11[117,251
rASK(4) [20,15] [115,101 [148,231 I
231,21
rEACH(l )[108,21
rEAM(3) [176,22] [183,111 [184,41
rEASE(2) [49,91 [109,101
rECHNICALLY(2) [140,201 [142,31
rECHNIQUE(3) [14,81 [144,181 [216,
221
rECHNIQUES(4) [34,24] [92,21 [116,
61 [172,41
rECHNOLOGIES(l )[132,81
rECHNOLOGY(3) [115,25] [252,25] [2
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[308,81 [308,12] [308,151 [308,1@
[316,81 [317,181 [323,231 [323,25
[325,221 [325,241 [326,21 [326,l@
[327,11 [328,7][329,241 [332,41 [
333,241 [334,61[334,231 [336,31 [
336,73 [336,91[336,111 [336,13] [
339,171 [341,11
rRICKY(l) [289,131 --
rRIED(6) 167,21 [107,8][128,14] [1
33,41 [241,71 [311,81
rRlGGER(l) [200,181
rROSILATED( 1)[49,191
rRWBLE(12) [68,71[77,241 [139,71
[176.91 [176.131 [176.131 [176.16
[279;173 [320,31[320;31 [337,31 [
339,101
rROU5LES(1)[332,51

2“-”-r147,221[152,51 [171,51 [18;
84,21 [186,61 [188,101 [18~
.88,221 [189,231 [190,141 [’

91, ,IJ]C192,1OI [193,91 [193,221
198,251 [200,71 [229,173 [230,51 I
231,171 [234,221 [235,51 [235,61
268,191 [270,61 [293,101
[REATING(6) [30,171 [97,131 [114,:
[151,161 [180,231 [260,241

[REATMENT( 106) [30,151 C34,173 [3~
,201 c36,71 [36,211 [39,161 [48,1!
[49,231 [50,91 [53,141 [54,151 [5(
,14] [69,11 [77,21 [77,3] [77,41 [[
0,11 [80;191 [89,131 [93,221 [93,;
51 [96.141 [108,171 [109,141 [111,
11] clil,12] rli2,11] [127,61 [12{
,21 [130,141 [132,3] [146,11 [151,
211 [154,81 [155,121 [167,211 [17(
,9I [170,121 [170,131 [170,151 [li
5,211 [179,31 [179,51 [179,14] [1[
0,191 [182,14] [183,21 [183,91 [1{
6,41 [188,241 [189,251 [190,4] [1!
0,111 [191,31 [192,73 [193,31 [19:
,73 [196,141 [207,191 [210,121 [2:
9.221 [229,221 [229,231 [229,251 I
ti0,51 [230,61 [230;151 [230,161 I
231.211 [232.141 [232.191 [232.2:
[23~,6i i233;91 [233,i21 [233,i71
[233,211 [233,211 [234,101 [234, i
31 [235,81 [235,111 [236,211 [237,
11 [249,111 [264,20] [268,181 [261
,221 [270,121 [271,171 [279,231 [i
80,2] [280,31 [280,6) [282,3) [28$
,221 [291,61 [292,21 [292,171 [29:
,73 [298,41 [302,173 [309,241 [31(
=1 [314,121 [341,41

~ENTs(12) [91,251 [113,241 [1
1 [145,231 [146,21 [200,41 [i

~., ,01[244,11] [267,141 [293,71 I
293,201 [309,31
rREUENDOUS(6) [117,201 [136,172 [~
19,221 [262,9] [267,131 [329,81
rREMENOWSLY(2) [30,161 [317,111
rRENCHES(2) [19,231 [164,14)
rREND(9) [56,22] [85,111 [112,141 I
121,181 [122,6] [135,11 [217,61 [;
64,141 [317,!01
rRENDING(l )[199,15]
rRENDS(4) [69,16] [69,17’I[255,171
[264,111
~R1AL(192) [5,241 [27.31 [28,201 [2
5,43 [35,5] [35,171 [35,251 [36,51
[36,61 [36,14] [36,15] [37,15] [37
.211 C37,221 [37.251 [38,11 [38.21
[38,51 [41,16] [~1,211 [~8,121[4t
,18] [59,2] [59,17] [60,11] [60,17
[61,81 [61,81[62,31 [67,21 [68,21
[77,171 [80,121 [83,141 [83,171 [t
3,18] [84,21 [84,13] [88,11 [88,21
[=,31 [88,61 [108,201 [110,201 [1
11,191 [113,13] [116,161 [117,81 [
122,16] [122,17] [122,19] [122,21
[lfi,81 [124;181 [127;21 [127,~1 [
128,2] [128,9] [128.151 [128,191 [
128;20] [128,22] [128,23] [128,24
[129,111 [130,11 [130,81 [131,73 [
132,4] [132,13] [132,251 [155,121
[155,16] [156,22] [156,24] [161,5
1165,191 [165,221 [169,3] [170,23
.U75,24] [176,25] [1~,3] [178,23

‘..21[180,71 [180,81 [180,141 I
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TRUE(19) [48,151 [69,71 [76,111 [8<
,91[137,5] [138,181 [139,221 [15[
,231 [168,1] [170,61 [170,111 [174
,51[174,73] [205,191 [205,231 [2(
6,51 [302,251 [303,101 [303,111
TRULY(1) [329,221
TRUNK(1) [17,121
TRUST (1)[168,172
TRY(32) [5,31[17,61 [61,31 [61,121
[89,151 [94,121 [115,141 [116,141
[117,3] [118,12] [129,181 [150,51
[159,13] [164,231 [170,241 [170,2
51 [221,51 [223,171 [266,51 [275,2
O] [294,16] [295,51 [298,221 [309,
151 [328,2] [328,31 C328,1OI [337,
11] [337,18) [339,1][339,71 [339,
n

TRYING(32) [17,41 [65,71 [83,173 [f
3,181 [85,151 [87,151 [107,141 [lC
9,21 [109,21 [113,181 [127,61 [12/
,51[139,21] [141,91 [146,41 [165,
141 [168,21 [170,201 [176,141 [17t
,201 [199,81 [206,91 [209,1] [253,
251 [293,191 [296,161 [296,241 [32
5,101 [328,121 [331,151 [331,221 [
332,191
TUBE(1) [27,151
TuBEs(2) [73,21 [162,11
TUMOR(1) [332,61
TURKEY(1) [19,51
TuRN(5) [18,51 [19,141 [21,121 [23,
231 [49,81

TURNED (1)[17.101
TURNS(3) [6,6j [21,91 [332,191
TUICE(7)[10, I4I [125,141 [168,251
[169,151 [169,161 [230,191 [234,2

Tuo(103)[12,1OI [12,111 [12,211 [2
1,51 [25,101 [31,61 [37,21 [51,61[
58,31 [58,151 [62,81 [76,111 [76,1
91 [81,121 [82,71 [83,211 [85,81 [1
09,4] [113,21 [119,19] [122,161 [1
24,51 [133,241 [141,161 [143,11 [1
47,16] [158,81 [159,151 [161,221 [
162,8] [162;251 [163,91 [1638241 [
167,161 [167.181 [169,191 [180,10
[186,21 [186;251 [191;181 [194;14
[195,161 [198,51 [200,41 [205,18]
[208,31 [210,81 [211,11 [211,111 [
212,131 [214,241 [214,251 [218,91
[219,161 [219,17] [220,201 [221,2
21 [222,31 [222,111 [222,231 [229,
211 [232,181 [232,241 [233,201 [23
4.31 [243,22] [244,11] [244,241 [2
46,17] [2~7,181 [2~8,191 [252,161
[254,131 [255,81 [261,251 [262,16
[262,1B] [270,1] [271,251 [275,20
[277,11 [279,21 [284,5) [288,181 [
296,251 [298,201 [298,251 [300,1]
[301,121 [302,5] [302,111 [303,10
[307,141 [309,81 [314,81 [317,151
[317,161 [322,211 [325,7] [333,19
[336,91 [336,131 [336,211

TUO-THIROS(I )[36,31
TUO-UEEK(l) [183,11
TYPE(14) [30,21 [66,151 [68,141 [90
,11] [91,20][102,161 [115,231 [12
3,25] [154,211 [185,231 [232,31 [2
48,11 [266,141 [306,171

TYPES(7) [41,81 [45,171 [62,231 [11
8,21 [124,231 [132,91 [246,41
TYPICALLY(2) [68,231 [237,91
TYPING(1) [333,141
TYROSINE(l )[3,251
========= .===.=====..=.==. ..==.

u u u
=====2=...==.=. ====. ====s=====.

U-SHAPEO(l) [251,13]
U.S(8) [35,11 [36,6] [38,2] [60,17:
[61,141 [62,31 [67,11 [102,21

UK(3) [43,31 [132,131 [132,251
ULTIMATE(3) [72,23] [76,15] [81,3:
ULTIMATELY(5) [147,22] [153,9] [1!
5,161 [197,231 [267,81

ULTRASONIC(2) [226,251 [237,231
UNABLE(1) [211,51
UNACCEPTABLE(1) [86,20]
UNAFFECTED(1) [70,221
UNANIMWS(l )[341,221
UNANIMOUSLY(2) [64,231 [341,141
UNANSUERED( 1)[42,41
UNBLENDED [196,201 [196,23] [1$
7,121 [221,231

UNCHANGED(2) [51,191 [54,181
UNCLEAR(1) [283,6]
UNCOMFORTABLE(1) [301,71
UNCOMMON(1) [199,9]
UNCOMMONLY(1) [104,131
UNCONTROLLED(3) [275,81 [332,41 [:
38,71

UNCORRECTED(1) [219,4]
UNCORRELATED( 1)[93,251
UNOER(10) [33,11 [103,231 [149,61 I
198,71 [198,81 [210,12] [215,61 [;
25, 19] [242,61 [267,141

uNDERINFLATIoN(3) [99,191 [104,41
[114,251

UNOERLIES(l )[281 ,151
UNDERLYING [29,21] [31,13] [3f
,171 [45,51 [92,14] [100,231 [109,
31 [109,211 [110,9] [110,131 [112,
161 [112,221 [114,81 [118,51 [118,
71 [118,121 [124,121 [127,171 [12$
,9] [144,24] [154,15] [168,13] [16
8,141 [177,24] [242,8] [272,25] [3
10,161 [310,191

UNOERNEATH( 1)180,221
UNDERPOWERED(1) [128,101
UNDERSCORE(1) [326,61
UNDERSTAND [65,221 [78,151 [81
,131 [97,12] [109,3] [131,22] [144
,231 [145,111 [150,141 [158,81 [14
6,251 [168,231 [175,31 [175,181 [1
75,19] [176,5] [176,61 [176,7] [17
7,111 [206,191 [220,11 [223,171 [2
35,22] [254,11 [262,18] [273,11 [2
80,161 [304,151 [321,19] [325,21[
331,21 [340,41
UNOERSTANDABLY( 1)[167,221
UNDERSTAND 1NG(6) [5,4][110,18] [1
53,24I [176,161 [253,171 [254,41

UNOERTAKEN( 1)[303,71
UNOERVALUE(l )[257,21
UNDOUBTEDLY(1) [264,21]
UNEQUIVOCAL(1) [288,14]
UNEQUIVOCALLY(3) [282,131 [284,73
[286,251

UNETHICAL( 16)[215,201 [224,181 [2
24,201 [250,51 [254,171 [295,171 [
295,181 [297,31 [297,101 [297,121
[297,241 [298,24I [304,181 [307,1
31 [307,191 [308,131
LINEVACUATEO(2)[229,15] [231,251
UNFAIR (1)[266,51
UNFAVORABLE (1)[317,1O]
UNFORTUNATE(2) [222,161 [302,211
UNFORTUNATELY(2) [156,12] [244,20
UNHEARD (2)[88,171 [254,81
UNIFORM(2) [309,111 [309,161
UNIFORMITY( 1)[309,131
UNIFORMLY(2) [131,51 [164,24]
UN1 LATERAL/B ILATERAL(l ) [31.111
UN JQUE(2) C30,51 [114,13] “

.-
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UN IT(6) [3,11[64,181 [74,101 [88,’
71 [115,241 [178,211

W--O(18)[102,201 [117,101 [121,
?2,151 [122,17] [124,151 [1;
[129.111 [132.161 [133,31 [’

51,01 t151;221 [152;51 [262,il [2(
2,161 [262,191 [262,221 [265,71

UNITS(8) [3,41[28,41 [138,31 [161,
25] [175,221 [191,11 [311,41 [322,

u;tvERsALLY( l)[96,211

IUN1VERSITY(13) [42;151 [71,211 [9!
.11 [115.91 [134.221 [141,21 [142,
;2] [155;251 [lti,231 [265,251 [2i
5,231 [276,201 [327,141

UNLESS(13) [64,231 [73,151 [131,1:
t139,z41 [140,231 [159,20] [162,{
[162,61 [177,181 [305,131 [312,21
C324,201 [337,131

UNLIKELY(1) [143,81
UNMASKED(6) [110,81 [183,61 [183,1
4] [184,12] [185,11 [199,31

UNPAIRED(1) [7,151
UNPLEASANT(I) [160,171
UNRELATED(1) [130,151
UNSAFE(1)[274,181
UNSIMILAR( 1)[80,241
UNSTABLE(l )[145,141
UNTIL(15) [31,81 [84,121 [126,11[1
33,201 [135,161 [141,201 [170,201
Cl~,171 [183,23] [207,251 [222,?
[229,201 [330,11 [330,161 [332,22

UNTREATED(2) [54,181 [72,201
UNVENTILATED(Z) [98,41 [138,51
UNWILLING(I) [320,21
UP(93) [9,31[9,77[11,191 [11,241 I
12,201 [13,121 [13,151 [13,211 [1:
-. [17,10] [18,51 [z4,,4][25,10]1

11[36,201 [39,141 [58,111 [61
[71,181 [74,?61 [78,241 [80,5

.-~,151 [81,201 [81,251 [82,111[5
2,171 [121,7] [121,9] [124,41 [124
,73 [126,141 [144,171 [147,71 [147
,141 [155,81 [166,241 [170,211 [17
i,17’1[17i,221 [174,251 [179,231 I
192,211 [192,22] [193,11 [193,41 I
194,131 [194,191 [203,51 [203,13]
[203,211 [224,21 [224,91[227,31 I
230,23] [234,71 [237,51 [237,191 I
245,101 [247,101[247,121 [248,13
[253,161 [255,181 [258,41 [266,12
[269,211 [272,191 [273,91 [280,73
[285,201 [286,41 [286,81 [289,211
[295.241 [302,241 [311,61 [312,11
[312;121 [315;231 [317;231 [320,7
[322,151 [322,161 [324,181 [328,1
01 [330,12] [330,23] [331,15] [332
,31 [332,211 [332,231 [334,173

JPDATE(1)[1Z3,211
IuPON(11) [2,19i [90,25] [92,13] [12
0,72 [127,41 [133,10] [184,14] [20
0,25] [271,181 [277,171 [280,25]

uPPER(2) [301,13] [301,141
UPREGULATED(l )[3,14]
~UPS(l) [331,6]
UPTAKE(1) [239,1]
URGENT(3) [165,18] [165,21] [168,2
21

URINE(2) [9,41[104,191
uSE(87) [5,8][9,231 [24,77 [28,81 [
33,1] [39,15] [40,12] [44,172 [61,

al [66,8] [66,91 [66,121 [71,61[7
‘-][72,5] [74,71 [94,21 [95,23]
!.181[116.101 [119.61 [120.11

I .0<3;111 [124;211 [129;71 [131;8]
[131,131 [133,191 [136,131 [136,1

81 [141,61 [145,251 [146,51 [149,2
[149.41 [149.211 [155,241 [156,41
[156;171 [159,221 [160,101 [162,2
21 [166,111 [172,151 [172,151 [172
,161 [174,121 [174,141 [190,77 [15
3,231 [194,31 [199,141 [209,191 [2
11,121 [212,251 [213,221 [214,131
[Z18,Z11 [221,111 [221,141 [234,1
31 [234,151 [236,211 [241,191 [244
,211 [249,151 [254,91 [256,131 [25
6,131 [265,11 [267,171 [272,73 [27
7,18] [289,91 [290,151 [290,171 [2
90,171 [292,171 [299,161 [311,41 [
321,11 [324,71 [324,221 [334,61 [3
37,131 [337,141 [341,91
USED(85) [8,201 [14,41[15,241 [16,
191 [28,111 [29,41[30,31 [30,121 1
30,141 [31,181 [32,241[34,241 [36
,131 [36,161 [38,81[38,221 [43,20
[44,101 [47,161 [51,81[54,11 [62,
31 [65,251 [66,41 [72,91[85,61 [86
,81 [92,51[94,11 [107,101 [107,23
[107,251 [109,8I [109,91 [llo,191
[116,91 [116,191 [120,121 [123,61
[1Z3,72 [128,171 [129,111 [129,12
[131,141 [132,91 [133,11 [136,191
[144,11 [144,Z11 [145,201 [146,31
[151,22) [151,231 [155,21 [155,22
[156,41 [157,41 [163,211 [167,171
[167,21) [175,211 [177,13] [181,3
[184,191 [186,131 [189,121 [191,3
[200,71 [216,201 [2Z1,171 [231,51
[238,111 [Z40,251 [244,121 [244,1
81 [249,171 [277,21[277,111 [277,
131 [2ti,15) [290,91[291,41 [291;
141 [305,11 [310.251
JsEFuL(17) [7,12][8,81[8,141 [8,2
31 [9,172 [81,21 [82,81[89,121 [96
,61 [291,51 [303,191 [332,41 [332,
101 [333,51 [333,251 [334,51 1335,
8]
JSES(5) [36,171 [71,111[123,91 [14
4,161 [174,171
JSING(43) [16,11[18,131 [24,41 [39
,101 [42,51 [74,221[78,173 [84,13
[85,17] [90,91[93,21[93,151 [95,
251 [115,231 [116,21 [122,121 [126
,121 [128,221 [138,201 (144,61 [14
4,221 [159,5] [164,6][168,151 [17
5,24] [183,111 [225,241 [230,251 [
236,21 [240,241 [241.21 [246,111 [
254;81 [266;221 [269;151 [270,141
[270,181 [2n,72 [313,71 [325,31 [
333,51 [334,141 [336,41
JSUAL(9) [1,15] [4,23][59,8] [59,9
[204,231[204,251 [230,221 [230,Z
51 [305,91
)SUALLY(5) [40,241[89,73 [145,211
[152,5] [280.201
JTAH(i) [155,251
JTERO(Z) [102,181 [136,51
JTILIZATION( 14)[121 ,181 [125,41 [
!49,25] [157,21 [177,181 [21O,1I [
214,12] [215,21 [220,91 [220,151 [
255,11 [255,3] [257,61 [264,11
JT1L1ZED(5) [186,12] [213,20] [313
.,141[313,151 [314,121
:==============================
I v v
:==========.==...%============.
(/Q(l)[98,11
IA(2)[16,91 [138,251
IAL(2)[25,11 [25,41
IALETORY(l)[322,101
IALIO(6)[40,141 [80,51[141,121 [1
69,211 [169,241 [169,251

VALIOITY( 1)[225. I2I
VALUABLE(3 j[264;201 [269,9] [269,
101

VALUE(24) [78,151 [84,51 [92,191 [’
30,2] [148,211 [165,16] [185,71 [:
03,31 [203,51 [203,81 [203,91 [20!
,19] [205,22] [206,1] [206,7] [21;
,91 [217,23] [219,2] [220,101 [25T
131 [273,3] [274,4] [28-4,31[333,i.

51
VALUES(8) [64,191 [111,211 [165,1;
[192,161 [201,101 [202,221 [232,:
[232,81

VAN(1) [18,41
VARIABILITY(3) [235,21 [241,81 [2<
1,171

VARIABLE(9) 139,131 [100,141 [102,
231 [133,2] [213,111 [21~,171 [26!
.21[265.201 [287.231

V~RIABLE&(3) [209;41 [210,41 [292,
61

VARIANTS(l )[199,201
vARIATIoN(l )[236,161
VARIED(4) [29.231 [30,151 [32.141 I
92,121 - - -

VARIES(4) [29,111 [30,201 [75,111 I
158,25]

VARIETY [49,161 [52,21 [62,231
[64,251 [82,11 [92,171 [115,211 [1
16,4] [116,81 [117,121 [118,191 [1
48,10] [148,121

VAR1WS(9)[Z9,61 [30,121 [48,19) I
49,10] [72,181 [1OO,17I [144,121 I
145,141 [260,161

VARY(2) [30,181 [33,61
VASCULAR [8,9][16,91 [17,2][2
3,31 [23,61 [24,151 [24,171 [25,91
[25,21] [43,121 [46,91 [53,191 [5i
,81 [88,23] [95,15] [98,201 [99,91
[99,17] [101,11 [101,21 [101,41[1
01,10] [101,ZO1 [101,ZZI [103,251
[105,14][105,241[106,161 [106,1
9] [109,25] [110,3] [114,171 [119,
101 [135,4] [135,231 [136,41 [136,
121 [137,201 [137,22] [138,21] [2C
8,171 [208,251 [227,171 [227,191 [
227,221 [267,101 [276,31 [281,201
[282,131 [283,21[283,201 [286,22
[288,171 [290,71 [291,121 [292,41

VASCULARIZAT ION(1)[253,171
VASCULAR IZED(l )[157,91
VASCULATURE(2) [46,131 [178,31
VASO(l )[~07,121
VASO-REACT IVITY(l )[56,241
VASOCONSTRI CTION(5) [12,251 [36,1
9] [98,20] [101,91 [1OZ,13I
VASOCONSTRICTOR(I )[36,181
VASOCONSTRI CTORS(2) [135,251 [134
,111

VASODILATION(Z1 )[1O,11I [10,201 [
11,251 [21,251 [45,61 [49,61 [57,3
[100,15] [106,41 [108,11 [109,101
[112,19) [113,171 [114,231 [137,2
51 [144,231 [237,13] [251,21] [251
,241 [313,71 [317,21

VASODILATOR( 14)[6,111 [10,13] [21
,221 [45,91 [105,24] [108,21] [111
;4] [113;12] [115,51 [130,121 [226
,201 [227,241 [278,121 [313,61

VASOOILAT0RS(6) [4~,21 [44,171 [11
9,91 [135,251 [136,111 [237,41
l/AsoLABILITY(l)[loo,191
I/ASOMECHANICAL(l)[216,141
tASOPRESSORS(l )[116,Z51
bJASOPULMONARY(1)[227,141
VASOPULMONATIONC1 )[186>141

VASOREACTIVITY( 1)[278,151
VASOSPASM( 1)[143,111
VASOSUPPRESSOR(l )[186,11]
VAST(1) [269,131
VE(l) [16,91”
VECTUS(2) [240,161 [240,171
VEOT(1)[18, Z2]
VEHICLE(1) [15Z,121
VEIN(Z) [98,111 [119,221
VELOCITY(I) [99,61
VENAL (1)[114,151
VENAL/ARTERIAL(l) [101,23]
VENO-ARTERIAL( 1)[119,201
VENO-VENOUS( 1)[120,31
VENOUS(12) [14,71 [17,201[25,111I
25,14] [25,17] [25,22][26,5][34,
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